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INTRODUCTION. 


S the Method- of determining the Longitude at Sea, by 
means of obſerving the Diſtance of the Sun and Moon, 
or the Moon and a known fixed Star or Stars (that is, by 
taking the Diſtance of the Moon from a Star on each 
Side) whereby many more Opportunities offer than Occaſions require 
for all the Purpoſes of Navigation; and this Method having been 
put in Practice by ſome ingenious Gentlemen in his Majeſty's Navy, 
as well as by the Rev. Mr. NEVIL MASsKELVYNE, F. R. S. and my- 
ſelf, in our Voyage to St. Helena (which we took by Order of the 
Gentlemen of the Royal Society) and by myſelf on Return from 
thence in the Oxford Indiaman, Capt. WeBBzR ; which Method of 
obſerving, as well as in computing, I conſiderably improved : in the 
firſt, by taking the Mean of ſeveral obſerved Diſtances (when Circum- 
ſtances would admit) for each Obſervation, as will appear by the fol- 
lowing Examples; and in the ſecond Place by a Table I computed, 
in order to obtain the variable Quantity of the Moon's Motion by 
Interpolation, whereby I could readily get the true Longitude and 
Latitude of the Moon from the Pariſian Ephemeris, to any Day, 
Hour, and Minute required ; by which means I was enabled to go 
through the whole Calculation of an Obſervation in about Three 
Quarters of an Hour. 1 frequently made Three or Four Obſerva- 
trons after the Manner above-named, and computed them ſeparately ; 
which being done, I took a Mean of them for the true Longitude of 
the Ship by Obſervation, The Reſults of the Longitudes by Obſer- 
vation, when made Land, differing ſo little from the Longitudes of 
thoſe Places, together with th2 continual Tendency and Agreement 
of the Longitudes reſulting from the Obſervations from time to time, 
as will appear by the following Account, which plainly ſhews its 
Uſeſulneſs in practical Navigation. And for a further Confirmation 
of this Method, I made Obſervations (in like Manner) at St. Helena, 


A and 
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and ſince my Return in London; and finding thoſe obſerved Longi- 
tudes to differ ſo little from the Longitudes computed from the beſt 
Aſtronomical Tables, 1 am fully ſatisfied this Method of determin- 
ing the Longitude at Sea may always be depended upon to about 
a Degree, and gencrally to leſs than Half a Degree, or One Quarter 
thercof : therefore, ſince this Manner of finding the Longitude tends 
lo greatly towards the Improvement of Navigation for the Safety of 
Ships, with many other Advantages, I cannot but earneſtly with it may 
meet with the Encouragement due thereto, 

Having found the ſame practicable and certain, and made it ap- 
pear ſo to ſeveral of the Chict and Second Commanders of Ships in 
the Employ of the Honourable Eaſt India Company, and having had 
the Pleaſure of inſtructing ſome of thoſe Gentlemen in the Method 
to be uſed in obſerving and computing the ſame, I have, for the 
readier Execution of the ſaid Purpoſes, calculated ſome uſeful Ta- 
bles, together with the Longitudes, Diameters, Hourly Motions, &c. 
of the Sun and Moon for January and February 1763; alſo the La- 
titude and Parallax of the Moon, with the Second Differences of the 
Longitude and Latitude of the Moon, for the more ready taking out 
from the Table thereof the variable Quantity of the Moon's Motion in 
Longitude and Latitude for the given Time, which I publiſh for the 
Uſe of the Seafaring Gentlemen by way of Specimen ; whereby the 
Computation of an Obſervation may be more readily made ; I have 
alſo made General Rules tor the moſt proper Method of taking the 
Obſervations and for computing the ſame. And if Tables in like 
Manner were computed and publiſhed for Three Years before-hand 
(i. e. for Three Years to come) and from the belt Aſtronomical Ta- 
bles, with Mr. Mayer's corrected Equations applied, and the com- 
manding Officers of Ships properly inſtructed, that after a few Years 
(I dare venture to ſay) no other or better Method of determining the 
Longitude at Sea would be deſired, 
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PRACTICAL METHOD 


Finding the LoNGITUDE at SE A. 


A 


TABLE of the Longitude, Latitude, Right Aſcenſion, and 
Declination of ſome of the fixed Stars that are proper to be 
obſerved, at the Limb of the Moon, in order to determine 


the Longitude of a Ship at Sea (or Place of Obſervation) adjuſted 
to the Firſt of January 1763, with their Annual Variations, for the 
more ready obtaining the true Longitude, Right Aſcenſion, and De- 


- clination (the Latitude being invariable) at any Time. 


— — 


- - 
Names and Long'tude. 2 Right Aſc, = |Declination 
Characters. + + 
5 4 wi 2 10 
& Aldebaran 12 50,34 4 24 20,8!2,4116 o 52N 
4 Caſtor 213 16 56 264ditto Nt 7 19 26, 43,932 23 8N 
8 Pollux 213 19 56 5oſditto 7 30 47,2[3,7]28 34 46N 
4 Regulus 4 26 33 bhditto 9 59 43,603,313 7 9N 
4 Virgin's Spike 116 20 32 12,ditto_ 13 12 31,4|3,11 9 54 588 
& South Balance 217 11 46 46|ditto 14 37 50, oz, 3liß5 2 308[＋16 
8 North Bala ce 27 ditto Is 4 19,2|3,2| 8 29 30S|+14 
* A:tares 8 ditto 16 14 55,213,725 51 2S|+ 
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Note, That the Apparent Longitudes of the Stars will diſſer from their True 
Longitudes, when in or near Oppoſition to the Sun, about 20// or 4 of a Minute, 
occafioned by the Aberration, which is the greateſt when the Sun is in (G or d) 
Conjunction or Oppoſition to the Stars; bnt from thence it decreaſes to the Qua- 
dratures, where the Aberration becomes (o) it thence begins to increaſe again, 
Hence it is neceſſary to apply the Aberration, when conſiderable, in the following 
Manner; that is to ſay, deduct the Longitude of the Sun from the Longitude of 
the Star (adding 12 to the Star's Longitude when the Sun's Longitude is the 
greater); then, if the Difference of Longitude (of the Rx -O) be leſs than 3?, or 
greater than 9, ſubtract the Aberration from the True Longitude of the Star, 
and the Difference will be the Star's Apparent Longitude. But if the & -O be 
more than 3*, or leſs than gs, then add the Aberration as obtained by the fol- 
lowing Table. It being known that Light takes 8/ 75//& of Time in paſſing from 
the Sun to the Earth, in which Time the Sun deſcribes an Arc of 20// in her 
Ons and this is the greateſt Aberration of the Stars cf a Latitude leſs than Five 

egrees, | 


8 


| Aberration in Longitude and Latitude of the Stars. 1. 7 
— — ong. of the 
Star's Aber. in Aber. in] Long. cf | Long. of * — 
Lat. | Long. | Lat. the & —Oſthe & — © Aberrat. | 
© Hl Hl G 9 8 - Hl 8 8 
2 20,0 | o,o 83 8 20, 3 6 and 12 
2 20, 0, 133 +: 17,0 5 and 11 
4 20,0 I,4 Re 7 10 155 20 
6 20,1 2,1 1 3 13,0 | 10 
8 20,2 2,8 3 8 0 10,1 4 and 10 
10 [20,3 3.5 2 10 8 10 6,9 20 
3 30 6.20 35 10 
3 8 9 o,o 3 and 
| [Aer | + Aber. | Aberrat. ＋Aberrat.— 


Note, In the laſt Column, the Difference of Longitude of the Sun and Star, on 
the Left Hand upwards, gives the Aberration additive as noted at the Foot; but 
the Difference of their Longitudes being taken on the Right Hand upwards, gives 
the Aberration deductive, or to be ſubtracted from the True Longitude, to get the 
Apparent Longitude, which is the Longitude (or the Difference of Longitude of 
a Star from the Sun or Moon) by Obſervation, 


The 
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The Manner of making Obſervations in reſpect of taking the 
Diſtances of the Sun and Moon, and of the Moon and Stars, with 


the Altitudes and Times, is ſufficiently explained in the following 
Rules and Examples. 


To find the Longitude of a Ship at Sea by Obſervation of the 
Diſtances of the Sun and Moon (taken with a HapLev's Quadrant) 


or of the Diſtance of the Moon and a fixed Star of a ſmall Latitude, 
as in the foregoing Table, | | 


The Quadrants made for taking Altitudes being very troubleſome to hold in fo 
m11y different Poſitions (as theſe Kinds of Obſervations require) therefore I 
have contrived an additional Part, which is readily put to a Quadrant ; 


whereby the Obſerver may hold it in any (oblique) Poſition with the fame 
Eaſe as in the common vertical one of taking Altitudes, 


The Price of this Apparatus is 158. 


HapLEey's Quadrants, recommended for thoſe Obſervations, are 
ſold by the AuTror at the following Prices; 


Thoſe for making Obſervations on the Sun and Moon 
Ditto for Sun, Moon, and Stars, with a Teleſcope —— 
Ditto with a Nonius Screw to the Index 
Ditto with every Apparatus complete 

Ditto the moſt complete, with Half-Minute Nonius Diviſions 


o Oo 0 oF 


To find the True or Apparent Time of an Obſervation. 


Take Three or Four Altitudes of the Sun at One, Two, or Three Minutes 
aſunder, and from 8 to 10 or 12 Degrees of Altitude, when the Latitude and De- 
clination are of different Names, and when the Latitude exceeds 30 Degrees; 
but if the Latitude be leſs than 3o Degrees, the Sun's Altitude may be taken at 
greater Heights: alſo if the Latitude and Declination are of the ſame Name, then 
the Altitudes may be taken from 10 to 40 or 50 Degrees, according to the Lati- 
tude of the Ship or Place; and may frequently be taken near the Prime Vertical 


(or E. and W. Azimuth) where the Sun and Stars rife and fall the quickeſt, and 
therefore the beſt for thoſe Purpoſes, 


B 


From 
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Note, That the Apparent Longitudes of the Stars will diſſer from their True 
Longitudes, when in or near Oppoſition to the Sun, about 20% or 3 of a Minute, 
occaſioned by the Aberration, which is the greateſt when the Sun is in (& or ?) 
Conjunction or Oppoſition to the Stars; bnt from thence it decreaſes to the Qua- 
dratures, where the Aberration becomes (o) it thence begins to increaſe again. 
Hence it is neceſſary to apply the Aberration, when conſiderable, in the following 
Manner; that is to ſay, deduct the Longitude of the Sun from the Longitude of 
the Star (adding 125 to the Stars Longitude when the Sun's * e is the 
greater); then, if the Difference of Longitude (of the & -O) be leſs than 30, or 
greater than 9e, ſubtract the Aberration from the True Longitude of the Star, 
and the Difference will be the Star's Apparent Longitude. But if the &—© be 
more than ze, or leſs than 9%, then add the Aberration as obtained by the fol- 
lowing Table. It being known that Light takes 8/ /f of Time in paſſing from 
the Sun to the Earth, in which Time the Sun deſcribes an Arc of 20// in her 
mo. and this is the greateſt Aberration of the Stars of a Latitude leſs than Five 

egrees, | 


— 


Aberration in Longitude and Latitude of the Stars. 5 
. — | — Long. of the 
Star's Aber. in Aber. in] Long. cf | Long. of &—© | 
Lat. | Long. | Lat. the & —Ofſthe & — ©| Aberrat. | 
0 Hl Hl 8 © 8 9 H 8 8 
2 20,0 o,o 0 6-H 20,3 6 and 12 
2 20,0 0,7 5 17 8 17,6 5 and 11 
41 200 % 2:10:17 1, 20 
6 20,1 $:1 1 20 3 20 13,9 10 
8 20, 2 2,8 1 8 10,1 4 and 10 
| 10 ] 20,3 2,8 8-10 8 10 6,9 20 
3-26 8 20 35 10 
13 8 9 0 o,o 3 and 9g 
— 
| Aber. | + Aber. | Aberrat.| +Aberrat— 


Note, In the laſt Column, the Difference of Longitude of the Sun and Star, on 
the Left Hand upwards, gives the Aberration additive as noted at the Foot ; but 
the Difference of their Longitudes being taken on the Right Hand upwards, gives 
the Aberration deductive, or to be ſubtracted from the True Longitude, to get the 
Apparent Longitude, which is the Longitude (or the Difference of Longitude of 
a Star from the Sun or Moon) by Obſervation, 


The 


C4 
The Manner of making Obſervations in reſpe& of taking the 
Diſtances of the Sun and Moon, and of the Moon and Stars, with 


the Altitudes and Times, is ſufficiently explained in the following 
Rules and Examples. | 


To find the Longitude of a Ship at Sea by Obſervation of the 
Diſtances of the Sun and Moon (taken with a HapLey's Quadrant) 


or of the Diſtance of the Moon and a fixed Star of a ſmall Latitude, 
as in the foregoing Table, 


The Quadrants made for taking Altitudes being very troubleſome to hold in fo 
many different Poſitions (as theſe Kinds of Obſervations require) therefore I 
have contrived an additional Part, which is readily put to a Quadrant ; 
whereby the Obſerver may hold it in any (oblique) Po ition with the ſame 
Eaſe as in the common vertical one of taking Altitudes, 


The Price of this Apparatus is 15 s. 


HapLey's Quadrants, recommended for thoſe Obſervations, are 
ſold by the AuTror at the following Prices; 
| CEA I. 8. 
Thoſe for making Obſervations on the Sun and Moon — 

Ditto for Sun, Moon, and Stars, with a Teleſcope —— 
Ditto with a Nonius Screw to the Index 
Ditto with every Apparatus complete 
Ditto the moſt complete, with Half- Minute Nonius Diviſions 


0 O 0 Oo 


To find the True or Apparent Time of an Obſervation. 


Take Three or Four Altitudes of the Sun at One, Two, or Three Minutes 
aſunder, and from 8 to 10 or 12 Degrees of Altitude, when the Latitude and De- 
clination are of different Names, and when the Latitude exceeds 30 Degrees; 
but if the Latitude be leſs than 3o Degrees, the Sun's Altitude may be taken at 
greater Heights: alſo if the Latitude and Declination are of the ſame Name, then 
the Altitudes may be taken from 10 to 40 or 50 Degrees, according to the Lati- 
tude of the Ship or Place; and may frequently be taken near the Prime Vertical 
(or E. and W. Azimuth) where the Sun and Stars riſe and fall the quickeſt, and 
therefore the beſt for thoſe Purpoſes, | . 


B | | From 


From the adjacent Figure arife the Inveſtigations of the Three General Rules, 
whereby the Difference of Longitude of the Two celeſtial Objects (as the © and) 
or the) and ) are deduced from Obſervation. For Example; Let Z be the Ze- 
nith, E the Pole of the Ecliptic, and FLOC the Ecliptic ; then, 


1. In the Triangle rSZ is given Zr and Z S, the Apparent Zenith Diſtance of 
the © and d. | 


To find the contained Angle Z, their Difference of Azimuth. 


2. In the Triangle Z ) © is given Z) and Z O, and the contained Angle Z, to 
find ) ©, the Orbit Difference of Longitude of the ) from the ©, or the 
True Diſtance, per Obſervation. 


3. In the Triangle Ly © is given Ly, the Latitude of the Moon, and O) the 
True Diſt. per Obſervation. 


To find LO, their obſerved Difference of Longitude, 

But when the Dittance of the Moon and a Star & ) is obſerved, then their Diff. 
of Longitude muſt be found at the Pole of the Ecliptic : for let » be the 
Appt. Place of the Star, and & its True Place; then in the A E x) are given 
the Three Sides to find the C. at E; that is, O the Lat. N. of the &*, 
and )L the 9's Lat. S. Now in A JE x is given ) E= 9gov-+ y's Lat. 
* E = O- „s Lat. and ) & their True oblerved Diſtance, to find the 
CE, their Difference of Longitude, as per Rules following. 


N. B. If the Latitude of the Moon be of the ſame Name as the Star's, then 90 
— ) 's Lat.) from the Pole E. 


2 RULE 


BW 
RULE I. 


To find the Angle at the Zenith contained between the Two Zenith h 
Diſtances, being the Difference of their Azimuths. 


To the Apparent obſerved Diſtance of the Edges or Limbs of the Sun and 
Moon (or the Moon and Star) add their Half Diameters, which gives the Appt. 
Diſtance of their Centers; new from Half the Sum of the Two Apparent Zenith 
Dittances and the Diſtance of their Centers, take the Two Zenith Diſtances ſepa- 
rately, and note the Differences: then to s. co. ar. of each of the Zenith Diſtances 


add the Sines of the Two: Differences, and Half the Sum of the Log. Sines gives 
the Sine of Half the contained Angle, 


Note, When the Zenith Diſtances are lefs than 455, that the contained Angle 
muſt be determined to 10; alſo the Segments of the greater Zenith Diſtance 
muſt be found to 10%, becauſe the Ratio of the Segments cf the greater 


Zenith Diſtance is the fame as the leſs Zenith Diſtance to the True obſerved 
Diſtance. 


RULE II. 
To find the True Diſtance obſerved. 


Add the Refraction to the Zenith Diſtance of the Sun or Star, and the Sum is 
the True Zenith Diſtance ; 

And from the Zenith Diſtance of the Moon take the Difference of the Parallax 
and Refraction, and the Remainder is the True Zenith Diſtance of the Moon: 

Then, to the Tan. of the leſs True Zenith Diſtance add the Co-fine of the con- 
tained Angle, and the Sum of the Lo,s. will give the Tan. of an Arc, which 
call A; and from the greater True Zenith Diſtance take the Arc A, and the Arc 
B will remain, Remark, if the contained Angle exceed go Degrees, then take 
its Supplement to 180?; and when this happens, add the Arc A to the greater 
True Zenith Diſtance, and the Sum is the Arc B. 

Then to the Co-fine, Co. ar. of A add the Co- ſine of B, and the Co-fine of the 


leſs True Zenith Diſtance ; the Sum of theſe Logs, will give the Co-ſine of the 
True Diſtance obſerved, 


RULE 


1 
RULE III. 


* 


. To reduce the True Diſt. obſerved to the Diff. of their Longitudes. 


For the Sun and Moon. | 
To the of the True obſerved Diſtance add the Co-fine, Co. ar. of the 


Moon's Latitude, and the Sum is the Log. of the Co- ſine of the Difference of their 
Longitudes by Obſervation. 


For the Moon and Star, fee the Example for June 14, 1761, Ne III. 


ARTICILE I. 


To find the True Tabular Longitude, Latitude, Diameter, and Pa- 
rallax of the Moon; alſo the Longitude and Diameter of the Sun, 


with the hourly Motions and Refractions of the Sun and Moon, 
&c. | 


Take out of the Tables Two Longitudes of the Moon before the Time of the 
Obſervation and Two Longitudes after, and find their firſt and ſecond Differences; 
then work as in the following Examples. — Note, You muſt always aſſume the 
Longitude of the Ship from the Place to which the Tables are adapted, as near as 
you can, from the Ship's Account ; which Longitude convert into Time at 15* to 
the Hour, as per Table; and if your aſſumed Longitude of the Ship be Weſt of 
the Place aſſumed from, then add the aſſumed Longitude in Time to the True 
Time at the Ship, and you will have the True Time at the Meridian of- the Ta- 
bles: but if the Ship be aſſumed E. of the Place aſſumed from, then ſubtract the 
Time of the affumed Longitude from the Time of the Obſervation, and the Re- 
mainder will be the Eſtimate Time at the Meridian of the Tables; to which Time 
calculate the True Longitudes of the Sun and Moon, &c. as in the Examples 
following. | 


REMARK 1. 
If the © or * be W. of the ) (that is, if the Longitude of the ) be greater 


than that of the © or &) and the obſerved Diſtance or Difference of Longitude 


greater than that calculated, then add the proportional Quantity to the Longitude 
aſſumed: but if the © or x be E. of the) (that is, if the Longitude of the ) be 
jeſs than that of the © or ) and the obſerved Difference of Longitude be greater 
than the calculated Longitude, then ſubtract the proportional Quantity from the 
Longitude aſſumed, and the Reſult will be the True Longitude of the Ship at the 
Time of Obſervation. | 
N. B. If the obſerved Difference of Longitude be leſs than the calculated, 
then uſe the contrary. 
Obſerve, that by calculated Longitude I mean the Longitude obtained from an 
Ephemeris, or from Aſtronomical Tables computed, 


The 


9” 1 
The regular Steps to be taken after the Obſervation is made. 


1. To find the True Time (that is, the Solar or Appt. Time) of the Obſervat. 


2, To A 2 True Longitude, Diameter, and Hourly Motion of the © (or *) 
per Art. Il. 


3. To find the True Longitude, Latitude, Diameter, Parallax, and Hourly 
Motion of the ). 


4. To find the Angle at the Zenith in the Apparent A, per Rule J. 
5. To find the True obſerved Diſtance by the True A, per Rule II. 
6. To find the True Difference of their Longitudes, per Rule III. 


7. To find the * of the Ship by the Reſult of the Obſeryation, obſcive 
the following Article. | 


ARTICLE II. 


Take the Difference between the calculated and obſerved Longitude, 
and then ſay, | 


As the hourly Motion of the y —© (that is, the 's hourly Motion leſſened 
by the ©'s hourly ee is to 15 Degrees of terreſtrial Longitude, o is the 
Difference of the calculated and obſerved Longitudes to the proportional Quantity, 
which apply as directed in the foregoing Remark, and you will have the Longit. 
of the Ship at the Time of the Obſervation : to which if you apply the Longitude 
that the Slip has made to or from Noon, you will have the Longitude of the Ship 
at the Noon of the given Day. But if the Obſervation be of the ) and a &, 
then ſay, as the hourly Motion of the ): 15 Long. : : the Difference of the 
Longitudes computed and obſerved : the proportional Quantity, which apply as 
above directed. 

The Proportion in Words: 


As the hourly Motion of the Moon from a Star, or frem the Sun, is to Fifteen 

ees of Longitude of the Equator, ſo' is the Difference of the calculated 

and obſerved Longitudes to a proportional Quantity to be added or ſubtracted to 
or from the aſſumed Longitude, as directed in the Remark foregoing, 


REMARK II. 


When you conceive yourſelf to be near the Meridian of your Tables (as ſup- 
ſe Cdn then you may ſuppoſe yourſelf under the Meridian to which the 
ables are adjuſted ; and then obſerve, that if the Diſtance of the Sun, or Star 
and the Moon, be increafing, and the as Longitude greater than the com- 
puted 


/ 


10 J 


_ then the proportional Quantity ariſing will be Weſt Longitude; but if leſs, 
aft Longitude. Likewiſe, if their Diſtances be decreafing, and the Longitude 
by Obſervation the greater, then the proportional Quantity will be Eaſt Longitude, 
but if leſs, Weſt Longitude, 


REMARK III. 


Always aſſume your Difference of Longitude in Time ſo as to make even Mi- 
nutes without Seconds, when applicd to the True Time at the Ship; alſo that the 
Minutes may be ſome aliquot Part or Parts of an Hour; whereby you may more 
readily obtain the Increaſe of the Lungitude of the Sun and Moon in the Time 


required, 


Thus 2 cf any Number is obtained by multiplying the Number by 2 and di- 
viding that Product by 5, the Quotient is the Anſwer. Alſo & of any Number 
may be had by multiplying by , and cutting off one Figure towards the Right- 
hand. F 


Note, If the Sun be Weſt cf the Moon, or the Moon Weſt of the Star, then the 
Quadrant muſt be brought into a Poſition ſo as to bring the Sun to the Moon, or 
the Moon to the Star Gin the ſame Manner as you do the Sun to the Horizon); 
and in this Caſe you muſt turn the Face of the Quadrant upwards: but when the 
Sun is Eaſt of the Moon, or the Moon Eaft of the Star, you muſt then turn the 
Backfide of the Quadrant uppermoſt ; that is, always ſet the Head of the Qua- 
drant towards the more luminous Object, and the Limb or Arch towards the Ob- 
ze to which the other is to be brought ſo as to appear to coincide, 


f 
The following Columns contain Vear, Month, and Day of the Month; the 


] atitude and Longitude of e np by Obſervation ; alſo the Longitude by Ac- 
count, on a Voyage in the Oxford Indiaman, Captain Webber, from St. Helena, 


(in Lat. 16* South, and Long. 5® 


vations were by taking the Diſtanc.: of the Sun and 


Star, by a Hadley's Quadrant, and computed on board by Robert Waddington. 


— 


Weſt) The Longitudes obtained from Obſer- 
con, or the Moon and a 


* 


— 


Latitude Long. per] Longir. 
perObſer. [Obſervat. | per Acc: 
0 0 a O 
; 1761 / / | / | . 
July 6 10 068, 17 18W] 16 52W | per the obſerved Diſtance of the © & 
7 2 14 | 18 56 18 41 [per ditto — the mean of 2 Obſervat. 
34 [20 6 | 20 15 ] per ditto — the mean of 3 ditto, 
9 50 | 21 39 | 21 38 [per ditto — the mean of 2 ditto. 
| 10 6 56 23 7 | 23 26 [per the) & Spica, the mean of 3 Obſer. 
111 5 06 | 25 20 | 25 o8 [perditto — ditto 2 ditto, 
4 11 27 51 | 27 ox [perditty — ditto 2 ditto. , 
134 4 9 | 28 48 | 28 33 ſper ditto — ditto 2 ditto, 
| Is] 3 28S] 31 oo | 30 22 [perditto _ ditto 1 ditto. | 
25] 7 30 NI 29 40 | 28 17 [perditto — ditto 3 ditto. 
27] 9 57 | 28 37 | 27 23 [perditto — ditto 3 ditto. 
4$57-1t- 9- 27 56 27 oc per D & — ditto z ditto, 
Auguſt 3] 14 37 | 29 32 | 28 25 ſ per dito — ditto 2 ditto. 
| 4} 15 47 | 30 30 | 28 12 q per ditto — ditto 2 ditto. 
5116 og | 31 54 | 29 23 ſ per ditto — ditto 5 ditto. | 
23] 36 30 | 35 41 34 12 per ditto — ditto 4 ditto. 
| 251 36 35 35 30 | 33 49 per ditto _ ditto 4 ditto. 
Septem. 2] 40 12 35 20 33 32 per ditto — ditto 4 ditto. | 
8 41 39 55 32 46 WI 31 12 per ditto — ditto 4 ditto. | 
Ditto 18th at 3+ . — 
P. M. Long. made 30 02 El! 29 53 [Per Obſervation of the 2d Sept. 
per Acc. ſince 4th) the Ship's Longitude was 35*29/W 
— Made ſince to the 18th 32 18 E 
Longit. in per Obſerv. 2 44WI 1 14 | 
Longitude of Portland 2 48 W | 2- 48W|Longit. in per this Obſervat. 3 o2W 
| — Titto Portland — 2 48 
Error of Long. per Obſ. o 04 | x 34 E — 
5 EE Error of Longit. per this, only o 14 


| ; 


Note. The 18th of September, at 3 Hours and a half Afternoon, Portland bore 
due North of us; I then cloſed my Account of the Voyage, which ſtood as above. 


I am 


*. 393 


I am informed that moſt of the Ship's Account in Company were 5 or 6 Degrees 
in Longitude Error to the Eaft. 

The Reaſon of my Account (both outwards and homewards) being nearer than 
others, was owing to my frequent making Allowance for the Set of Tides, as I con- 
ceived moſt agreeable to philoſophical Principles. 


nt. 


The following is an Example of an Obſervation (for finding the 
Longitude) which was made and computed on board the Oxford 
Indiaman, Capt, WzBrer, by R. WappincTon, now Teacher 
of Mathematics at the Mathematical Academy in Three Tun Court, 
Miles's Lane, near the Monument, London. 


1761, per Watch, _/ 2 »'s Appt. Alt. ©'s Appt. Alt. 
3:4. --> ® 7 0:4: 0 „ 

Sept. 2 5 19 P.M, 49 07 

1ſt Obſer. 27 49 9g 31 oo 13 01 Ref" 4/ o 
37 49 13 

2d Obſer. 43 2 15 28 57 9 59 Ref® 5% 
49 49 1 

3d Obſer. 55 49 19 27 17 7 30 Refa 7/,0 
60 49 21 
68 49 23 
77 49 26 


9 | 436 Sum of the Minutes 149, which divided by 9, the N* of 
obſerved Diſtances, gives 5 48/,44, the mean Time, and 49 16/,56 the mean 
Diſtance. 

Now to reduce this Mean of the Times and Diſtances to the Time of an 
Obſervation; that is, to the Time when the Altitude of the Sun and Moon 


were taken; 
| thus, from 7) | and from 267 
take 19 take 7 
Remains the T. of — 5g | Remains 19 the Increaſe of Diſt. of the ) from 
ing the Obſervation. F — — the O in that Time. 
And 58 divided by 19, quotes 3 +; hence the Ratio of the Time, to the 
Increaſe of Diſtance, is as 3 to 1 nearly; 


Therefore 


BB: 


2 1 
Therefore to 5 48,44 and 49 16, 56 
add 7,59 and 2,52 = þ of the Time. 
Hence the Ti. which may be ting Foo : 
called the Obſervation. : 5 8. and. 49 29,08 the Diſtance. 
Alſo from 5 48,44 and 49 16,56 
take 5,44 and 1,81 = {& of the Time. 


Remains the Mean of the T. red. 5 43,0 & Diſt, 49 14,75 which may alſo be 


called 'an Obſervation : then find the True, Appt. or Solar Time of the Obſervat. 
from the Alt. of the Sun, taken at that Time by an Aſſiſtant. | 

The Latitude of the Ship, at the Time of this Obſervation, was 40 8/ N. 
©'s Decl. 7 40 N. by allowing for the ſuppoſed Time, Afternoon, at the Meridian 
of the Tables, or Ephemeris, intended to compute the Difference of the Longitudes 
of the Sun and Moon from ; which I generally did from the Paris Ephemeris ; 
and ſometimes from both the Ephemeris and the Aftronomical Tables of Mr. 
Morris, with Mr. Mayer's Equations applied; the Refults of both are in ſome of 
the Examples following : 

h 8 

The true Time of the iſt Solar Alt. computed, is 5 18 oo 

To which I add the Time, per Watch, to the 2d Ob. 16 

The Sum is the Time of the iſt reduced to the 2d 5 34 09 
The Time cf the 2d Obſer. per Calculation £23329 

The Time of zd is 55 47/ $/, redu. to the 2d is 5 34 8 


un 


Hence I take the true Time of the Obſervation 5h 24/ to which Time 
1 aſſume my Difference of Longitude to be 2 26 = 36 30/ W. 


from the Meridian of Paris g 8 oo the Time to which 
I find the Lengitudes of the Sun and Moon, &c. as follows: | 


»'s Tr. Lon. at Tr. Noon. ift Diff. 2d Dif. 
1761, D. H. 8 6 / Il P / " / 10 
ep. '1- 13206 10 ese 6 427-30 | 4-31 

'.; S806. 20-0. It 6 '33-- £ 

SITE 6 26 55 6 10 
3. 00-39-00 -18 


| 10 41 Sum 
Mean 2d Dif, 5 20 + ditto 


D des Incr: 


Des Incr. of Lon. in 12h — 6® 330 og// 


Which multiply by 


( 14 ] 
of the Time wherein the Ob- 
ſervation was _ 4 
; hich is the true hourl 
mn 1 2 32 45-424 " "hs P at 6 P. NI. 
g the N of Hours P. M. of the 
3 Obſervation, 


product — We 9A. 


The variable Qty of mean 2d Dif, ＋ 35,33 


—C 


The true Incr. of the) in Lon. 4 22 38,7 » 
To which add þ's Lon.Sep.2,=6.25. oo 11,0 


True Longitude of the) % Ms a0 
True Longitude of the © 5. 10. 26. 54,0 


Diff. of Long. by Calculation = 40%. 55. 55.7 


O's tr. Longitude at tr. Noon. 


8 = / H / IH 


r daily Diff. 58 12 


For 80 add 19 4 128 19 24 


O's tr. Lon. 5 10 26 54 


— 


D Lat. 22 of 197 N Hor. Paral. 57 4 which, 
per Table, gives for 29® Alt. the Paral, 49 50 


'Þ's Hor. Diam. per Ephemeris 3% 9 
Add for Alt. of 29 the Appt. Incr, 15 
Des Appt. Diam. 31 24 
O's ditto 31 50 
Half Sum of the Diameters 31 37 
— 


The 


- = 1 _ 
——— — SS woof. SOL 22 — — —— — 7˙ * —xñ ñ A ts — 


1 


The true Lat. of the P is thus found : 
d's Lat. | 


„ 1 Diff.] 2 Diff, 
Nn 19 33 N 
9 58 16 „ 
=» 27 IJ +5 56 
| 54 12 
3=117 5 ＋1 54 
66 6 
4 = © 10 59 


Mean 2d Diff. 3 55 gives, per Table — 25//,5 : hence for 8b = of 240; I 
therefore take 4 of 64/ 12// which is 21/ 24// the Mean Decreaſe of the) in 


Latitude in 86, . 


For the variab. Quty. of the y's Decr. — 25,5 Hence from 2 21 17 
— — Take o 20 58 
Rem. the tr. Decr, of the) in Lat. = 20 58, 5 


h Il 
Variable Quantity for 7 1222 7,5 : : 
Ditto for 8 1 = 224,5 of 's Long. per Tab. of 2d Diff. 


- The Difſerence 


For the hourly Motion of the ) from the ©. 


P's Mean Increaſe of Longitude in an Hour, is 32 45,42 
Subtract the Difference of the variable Quantities 3.0 


Remains the Y's true hourly Motion ="33 42,4 
The ©'s hourly Motion 2 
Hourly Motion of the) from the © = 30 16,8 = 30,28 


—O— LJ —_—— 


Rem. the tr. Lat. 2 © iNN. 


— — 2 o $ Whichded. from the Mea. hour. Mo. of the) 
en 3.07 becauſe the Mo. of the ) is dec. as by 2d Diff, 


To 


To find the Difference of the Longitude of the Sun and Moon, by 
the Obſervation, per Rule I. to find their Difference of Azi- 


muths, 


Appt. Diſt. of the Edges of the © 


and ) per Obſervation 


Add half the Sum of their Diamrs. 


Appt. Diſt. of their Centers 

Ds Appt. Z. Diſt, 

O's Appt. ditto 

Sum of the Sides 

Half Sum 95 25 11 and 
261 3 © - and 


[ 26 ] 


» 


. 


1 * 14 45 
31 37 


49 46 22 

61 3 © its s. co. arith, = 0,0579709 
80 1 © its s. co. arith, = 0,0066263 
190 50 22 | 5s. of 15 24 11 = 9,4242403 


95 25 11|s. of 34 22 11 = 9,7516877 
—80 1 — — 


Difference 34 22 11 and 


_— _ = 19,2405252 
15 24 11 s. of 24 39 10= 9,6202626 


NE 
D's Appt. Z. Diſt. 61 03 
Par. of Alt. 49/,8 
Refin 1/,8 
The Diff. ſub, 48 


Ds tr. Z. Diſt, 60 15 


O's Appt. Z. Diſt. 80 01 7 
Ref" add 5 20 


O's tr. Z. Diſt, 


| 


its double = 49 18 20 the Z at the Zenith. 


. 


/ 
Now to the T. of 


Add the co. ſ. of 
Lat the Zenith 


—— 


the tr. lefler Z. D. ( 60 15 — = 10, 2429480 
49 18 20 = 9,8142642 


Whichgives the T. 


of A (the 4th Arc) f= 48 * 29-5905 — 


R 


Which take from 


greater tr. Z. Diſt. 80 6 20 


5th Arc) 9 3* 


Rema. Arc B met 31 2 


. 2 —_— 


— A Oy 


To 


1 


CO- Ar. 


| To the co-f. of Arc A, 48 a5 48 = 0,1810020 
Add} The co-f. of Arc B. | 31 20 32 = 9,9314954 
And the co-f. of the leſs tr. Z. D. 60 15 = 9,6956712 


The Sum is the co-ſ. of the true Orbit Diſt. obſerved 49 59 20 = 9, 8081696 
To which add the co-f. co-ar, of the 's Latitude 2 0 20 = 0,0002651 


— 


Which gives the co-ſ. of the Diff. of Long. per Obſer. 49 57 33 = 9,8084357 


Difference of Longitude, by Calculation 49 55 56 
Obſerved Long. greater than the aſſumed by 1 37 as per Obſer. 
—= 1,62 


Laſtly. As the hourly Mo. of the) from the O, 30/,28 is to 15 of Long. ſo is 
the above Difference 1/,6 to o“ 47/; the Longitude to be added to that aflumed, 


VIZ, 0 | 
To 36 30 W. aſſum'd / 
Add o 47 as per Remark Thus 1,5 
| | X 15 
Long. from Paris 379 17 at the Ti. of the Obſer, — 
Paris to London — 2 25 W. deduct. ; 80 
—— 16 
a, from 2 34.52 W. 
he Ship made . 01,28) 24,00 (0? 4%) 
ſince Noon * 9E add mw * 60 a 1 
Long. of the Ship 35 o1 W. at Noon, 2d Sept. 1761 144000 
Ditto 35 lo by a more Lax Calculation 12112 
made at Sea, as publiſhed in the General Magazine — 
for July 1762. 22880 
21196 
16840 
15 140 


REMARK. Since it often happens, that the varying Poſition of the Ob- 
jects are ſuch, as not to admit of taking the Mean of the Times and Diſtances for 
an Interval of 45 Minutes, or an Hour (although it was in the Example of the 

2d of September)” B would recommend (in a general Way of Practice) not to 
make uſe of Intervals of Time, that exceed 20, 25 or zo“ at the moſt, to take the 
Mean thereof for an Obſervation, When Circumſtances will not admit of taking 
the Obſervations in this Manner, then take the Mean of ſuch as will admit thereof ; 
and thoſe Obſervations that will not, let be computed alone ; which done, take the 


Mean of the Longitudes ariſing, for the 1 of the Ship, by 1 | 
1e 


— 


— —— 


— — 


wv 2 — 


. OW 


9 _— 


- — - - 
* - 


"Me: PX ;4 q — . "a Py 
* 


E ; 


h / 17 o 7 #1 


The Mean of the three firſt Obſer. is 5 27 40 and 49 9 40 
Ditto of the 2d, 4th, and 5th ditto is 5 43 0 and 49 14 40 
Dittn of the five laſt ditio 06:2: . © and; 49 224-0 
Now theſe being reduced to the Times that the Altitudes were taken; or the Al- 


titudes reduced to thoſe Times, and then ſeparately computed ; the Mean of the 
Longitudes reſulting will be nearly the fame as that obtained by the Mean of the 


whole, as in the Example. 
per Watch Diſt. of Edges of O&K) 
0 / 


1761, 3 
Sept. 4th at 4 7 P. M. 74236 
at 4 11 " --*S: 2 ; 
at 4 20 72 20 9's Alt. 299 437, O's Alt. 26 407 
at 4 34 72 24 Ap. t. Z. D. 60 17 ditto 63 20 
, 3 
Sum of Min. 72 ditto 76 which divided by 4, the N? of obſerved 


Diſt. gives 4 18 P.M. & Diſt. 72 19; now either the Altitudes muſt be reduced 
to this Time ; or this Time and Diſt. muſt be reduced to the Time that the Altitude 
of the O and ) were taken. And ſince no other Altitudes were taken (at pro- 
per Inter vals of Time) I am obliged to reduce the Time and Diſtance, which I 
do as follows: Thus, the Minutes of the Time at the laſt obſerved Dittance, 
is 34 and the Min. df Diſt. 24/ from which I take the Min. of the firſt Ti. 


7 and Diſtance 15 


Re. 27 and 9 


Now dividing the greater by the leſſer, viz. 27 by 9 gives 3/ of Time to 1/ of 
Diſtance. 


3 423 
Hence to 4 18 and to 78 19 © 
add 2 and 3 thereof O 40 


Gives the Ti. 4 20 and 72 19 40 for a Mean of the obſerved Diſt. 


Note. The Altitude of the Sun, at the Obſervation, being a little uncertain, oc- 
caſioned by the Horizon being hazy, and the Sun not in the beſt Poſition for 
to determine the Time (for the Sun paſſed the prime Vertical at 11% Altitude) 
which muſt always be accurately obtained, otherwife a very conſiderable 
Error would accrue in the Reſult of the obſerved Longitude. Hence at . 
4 52/ per Watch, I obſerved the Altitude of the Sun to be 299 35/ 30%, 
the Dip and Refraction allowed. | 

. 98 1 8 
Z. Diſt, 69 24 30 Decl. 6 57 N. and the Ship's Lat. N. 
? Co-Decl. 83 3 *Colat. - * 


ä 


For 


1 
For the Time. mf 
Co-Decl. 83 oz its s. co-ar. 0,0032029 
Co-Lat. 50 5 its s. co-ar. o, 1152168 
Co-Alt. 69 24 | s. of 18 1329, 4950046 
s. of 51 1129, 8916242 


Sum 202 32 * 

101 16 and 101 16] Sum = 19, 5050485 © 1 tt 

— 83 3 — 50 5 [Half do. 9, 525242 . of 34 2644 7 // 

3 * Double is the Cat the Pole 68 53 28 = 435 34 
Diff. 18 13 and 51 11 


From 4* 52' the Time, per Watch, at the ©'s Obſer. 
Take 4 20 the Time of the Obſer. of © and) 


Rem. o 32 | which ſubtract 32 © 
Remains the true Time of Obſer. 4 03 34 
Aſſume the Lon. in 34 6/ K W. = 2 16 26 


The Time to compute to (Time at Paris) = 6 20 © 


— 


4 — LS SING 2d Diff. 
n | A 3 
6 15 58 
cg 0= 1 44 — 4 42 
6 10 56 
tn ==. 747 | — 4 22 
5 8 6 34 | 
5 o©= 33 54 14[ 


Mean 2d Diff, 4 32 


— 


h E228. 
3. in 12 6 10 6 
in 6=3-::5-: 28 
ia 120 0:4, 
in 20 =} —=o 10 18,27 


— 


in G20 = i - 46,2 


Variable Quantity for 5h 20/ add 33,8 
p 's true Increaſe of Lon. in 6 20% 1 
To which add the 's Lon. the 4th at Noon 7 21 . 


Gives the ps true Lon. at the Time of the Obſer. 7 24 53 04, 


—{c_ W 


[ 20 ] 


h 3 % 

O in 24 = 58 17,0 | O's Lon, gan; 12 4 
in 6 = 14 34,25 | Add 15 23 
1 2 30,78 — — 
in 200 = O 48,6] O's true Lon, n 
— —— Ys ditto '9.:-84::453 -04 
in Gh 200 = 15 22,8 | — 

— Diff. of Lon. n $3 44 

Or 72 33 44 


For the Latitude of the Moon, 


4 D's Latitude, 
436 Cu 
Sept. 3==1 17 5N — 
Pt. 3 5 is 
4=0 10 59N — 0 43 
65 23 | 
520 54 248 — 4 1 
61 22 
C=1 55 468, 
The Mean = 2 22 
h $7 
24 = 05 23 1 
5 16 21 
I= 2 43,5 
20/= 0 $425 
6b 2o/= 17 15,5 the Lat, the ) has made S. 
Var.Quty.for M, 2d Diff. in do, + 17,5 
17. 33 the true Diff, of Lat, made S, 
'Þ's Latitude the 4th at Noon 10 59 N. 
True Latitude of the 5 6 34S. 


F or 


1 41 


For the hourly Motion. 


] 


Mean 2d Diff. 4/ 4 for 6 gives 34// | Hor. Par. 55/ 36// Diam, 307 22// 
Ditto for 5" 4o/ = 32 J Bor Y's Alt. add 15 
Diff. add 1,5 [Des Appt. Diam. 30 37 
To the M. Mo. in 400 = 2d 36,5 ©'s ditto $208 
)'s true Mo. in 40 = 20 38 Sum 62 28 
O's ditto in ditto I 37 | Half Sum of the Diamrs, 31 14 
Diff. W- 2 
"WE 4+» , 
Diſt, of the Edges obſerved 72 19 40 
Add Half the Diameters 31 4 per Rule I 
Appt. Diſt. of the Centers 72 50 54 | 
»'s Appt. Z. Dit, 60 17 its s. co- ar. 0,6 12365 
©'s ditto 63 20 its s. co- ar. o, 0488410 
. s Dif, —9, 7874977 
196 27 54 8. Diff. —9,7888484 
98 13 57 and 98 13 57 _ — 
— 60 17 — and 63 20 — 19,6564235 


37 56 57 and 34 53 57 


s. 42 19/ 21//4 = 9,8282118 


X 2 


84 38 43 the con, E or Diff. of Azi. 


Hor. Par. 55 36 “/ g 
the D's Par. of Alt. 

Refraction 

Difference 


Des Appt. Z. Diſt, 
D's true Z. Diſt. 


O's true ditto 
Preparation to Rule II. 


F 


1 40 

46 20 

60 17 oo 
=59 30 40 
63 3T 50 


= — = 


T's —roees — 


: — — 
— ——̃ — — — —— —E 
— — 2 — - — — 


——̃ —— nw 4 


— — 


—ͤ—ũ —— — - 


—U— — 


BEE 
Per RULE II. 


92 1 HH 


To the Tan. of the leſs true Z. Ditt. 59 30 40 = 10,2300441 
＋ the co-1. of the cont. J. 84 38 43 —= 8,9599810 


The Tan. of A 9 o 23 = , 2000260 
True greater Z. D. 63 2150 — — 
rc B 54 21 27 | 
co- ſ. of A. co-ar. = 0,005 3877 
co-1. of B. — 9,7654642 
co-ſ, leſs true Z. D. = 9,705 3259 


co. ſ. true Diſt. obſerved 725 30 54“ = 9476775 


co- . co-ar. ) s Lat. 0 6 34 


O, 


co- ſ. of the Diff. of Lon. 72 34 53 = 9,4761786 


Diff. of Lon. per Comp. 72 33 44 


The obſerved greater, by I 9 


—_ 


As the Motion of the) from the © in 40/ is to 10® of Lon. ſo is the Diff. to 
the 4th Proportional ; that is, 


n 1 i 46/2 which add to aſſumed Lon. 
3 


Hence to 34? 7 1 


N. B. That as Min. are to Degrees ſo 


Add are Seconds to Minutes. 
W. Lon. of the Ship at the Ob. from the 
| 34 43 Meridian of Paris 
Lon. made ſince Noon 24 E. add 
| 35 
Subtract 25 Paris to London 


Lon. of the Ship 3 
Ditto made to the 18th, at - 
3 and a half P. M. 


Remains 


2 
2 42 W. from London 
9 58 


2 44 
Portland Lon. 2 4% W. 


Lon. in per Obſervation 2 44 W. 
Error in Lon. only I 4 
Note, 


13 


Note, By Calculation from Aſtronomical Tables, 


/ 
The hor. Paral. of the) = 55 36 Hor, Diam, 30 16,4 
Hor. Dia. at 34% of Alt. 30 33,2 and 3 Lat% 
Os ditto 51 51, 
56 24,7 
Half the Diameters „ 


Howrly Mo. of * from © 28 31,0 
1100 Long: en” © 7 24 * $4 15 
Ditto of the © 5.13 19; 19 


Ditf. of their Long. = 729 33 51, which differs only 7“ from that ob- 
tained by the foregoing Method from the Paris Ephemeris. 


Here follows ſome neceſſary Remarks in making the Obſervations, as in the 
following Examples, whereby 1t appears that great Care ought to be had of the 
Altitudes which are taken by Aſſiſtants: I always examined thoſe Altitudes, and 
rectified them as in the Example below, where-ever Opportunity would admit; 
which I advife always to be done when poſlible, otherwiſe a very conſiderable 
Error may be committed. 


July 9, 1761, in the Latitude of 5* 50/8. 


Per Watch, Diit. © & } | Des Appt. Alt. ©'s Appt. Alt. 
7 Moe taken by an taken by an 
AS 3 96 46 Afſittant, Aſſiſtant. 
42 472 © / 0 d 
95 50 8 44 22 
15 52 1 37 43 20 
20 $32 33 3 : 42 17 
5) 52 5) 249 


The Mean 2 10 and 96 49,8 


— 
— 


19/ Time of miking the Obſervation. 


5 7 Increaſe 01 Ditiance in that Time. 
4 Hence the Time to he Increaſe of Diſtance is as 24 to 1. 
1 5 
T took the Y's Appt. Alt. at 2 11 which was 30 32 
and at 2 13 ditto 3 
2 gives o 30 
and the Increaſe of the D's Alt, in 1 was 15 


Allo 


| 


— —— 


= 2 4 — 
— 22 —— <> EEE 
— 7 ˙_— . ̃ w—-V ————ññ ͤA—U— — << 


CE — — — 


— 


_— 


Ee — — — — — 


— — — 
— — 


3 1 3 
Alſo I took the © Appt. Alt. at 2 12 — 43 56 
and at 2 17 = 42 54 
gives 1 2 


5 
Therefore I ditto o 12,2 Dec. of Alt, 


Hence I find my Lunar Aſſiſtant had made very bad Obſervations ; for he 
differs the Altitude in 5/1 9g2/ ) Therefore in 5/ of Time the Error in Altitude 
and in 5 86 was 100%. 
therefore in 1 17 ö Note, The Decl. of the) being about 7 8. 
which is 27 Error per Minute. and the Lat. 7 50/8. 


Conſequently the Increaſe of Alt tude might be 15 in a Minute of Time; but 
it is impoſſible to be greater in any Circumſtance whatſoever, 


h / 98 1 
Suppoſe I take the Time 2 10 and the Diſtance 96 49,8 obſerved, as obtained 
by a mean Reſult + 23 Diameter 31,1 


Appt. Diſt. of the Centers 97 21,0 by increafing the Diſt. 
is of a Minute, the Value of which being not worth Notice in reſpect of this 
large Diſtance. 


h -/ / F 3 1 
3's Alt. at 2 1182838 3 9's Alt. at 2 12 = 43 56 
— 1 — 15 — 2 ＋ 24 
Appt. Alt. at 2 10 = 30 17 2 10 = 44 20 
whence Ds Appt. Z. Diſt. = 59 43 and O's ditto <= 4c a0 


Solar Time at the Ship 2k 31/; from hence the Longitude of the Ship at the 
Obſervation may be found to be 219 42“ W. from London. 


Diſt. © & Y Des Appt. Alt. O's ditto, 
1761, bY 1 
Aug. 23, at 8 ꝙ A. M. 88 28 the Edges. * 7 EF 
iſt Obſerv. at 8 zo ditto 88 20 | 47 30 40 36 
Time to Noon 3 30 per Watch. 
ditto per © 3 9 16 The contained 4,=151 29,6 or Diff. of their Azi. 
— oe nel R g d to be uſed in work- 
Watch flow o 20 44 OI 259 35,4 7 ing by Rule II. 


2d Obſery, 


- 2 


11 


— 4 —— ——— 4 


1767, Dit. OD 9's Appt. Alt. O's ditto, | 

Aug. 23. 3 Ry 0-..-F RS I 

2d Obſerv, at 8 444 1 44 42 1 | 
20% 1 

Suppl. of the contained J. = 29 27 1 

Solar Time 9 O5 | 

za Obſerv. at 9 oo 88 9 41 42 46 11 | | 
Watch flow by this Obſ. 20 2 | 1 


4 
The Mean, Watch low 20 34 


— 


Suppl. of the contained . —= 30 oo 


4th Obſerv. at 9 10 88 3 3) 42 47 56 
Watch flow by foregoing - 20 34 


- -- 
— 


Suppl. of the contained Z. == 31 
Solar Time 9 357 © 34 


2.0 
2 


The Weather being very cloudy obliged me to make the Obtervations as above, 
and by the Help of Two Aſſiſtants; and as they were made at Intervals of Time 
too great to take a Mean of the Times, I therefore computed them ſeparately 
(which ſhould always be done in like Cafes); then adding the Sum of the Reſults 
ariſing from the Obſervations, and dividing by the Number of Obſervations added, 


the Quotient will be the mean Reſult or Longitude by Obſervation, as in the 
Table, p. 11. 


By what has been ſaid in the foregoing Rules, Remarks, &c. together with the 
Examples, I hope that no Difficulty will occur, in any Circumſtance that may or 


can happen, in the Method of making and computing the Obſervations reſpecting 
the Sun and Monn. 


The following are Examples of the Moon and Stars. 


In the Prince Henry Eaſt Indiaman, Capt. Haggis. 
1761, March 18. 


per Watch, Di. of the) and Pol. y's Alt. up. Edge. X's Altitude. 
N 2 6 N es or 
At 1 12 35 44 35 26 61 30 22 
this comp. 7 28 20 44 42 28 29 30 15 
7 37 40 44 457 29 $2 30 2 
The Star Pollux Weſt of the Moon. 
D. of the) and Spica V. y»'s Alt. *'s Alt. 
8 „ 3 8 3 
At 9 26 35 45 24 2 42 45 37 16 
A 9 32 10 45 214 1 38 30 
4119 38 — rue Alt. of the & for obtain. the Time 125 43 
At 9 46 50 45 17 44 16 41 40 


G 


= | 
| 1 
| ! 
| 
Þ 
2 | 
| 
5 5 
* 
N 15 
1 
' : 
. * 
Wo: | 
: 
. 
'4 


a. * 
1 90 
o 


l 


Star (pica) Eaſt of tlie Moon; and the Diſtance taken at the Weſtem Edge 
10 


of the Moon. 
Note, At zu 36/ 32// the true Alt. of the Sun was 26? 2. 
AS A. 9 
At 7 28 20] Lat. of the Ship at Noon 31 oo 8. 
Watch Slow + 22 0 At 3 f P. M. made 8 
Appt Time 7 50 20 Lat. in at O's Ob. 31 7 '$ 
Equa. of Ti. + 8 11 Lat. in at Spica's 31 888. 
Sum 7 58 21 is the mean or equal Time at the Ship. WE. 
Aſſume x 26 39 = 21* 39/ 45/! W. from Greenwich. 


Equal Time 9 25 oO at Greenwich. 


Diſt. of W. Edge of ) and Pol. 44 42 Diſt. of ) and Spica 45 17 
The half Diam. of the ) add 16,1 | Half Diam. of ) ſub. 16, 
Appt. Center 44 58,1 Appt. Center 45 0,9 
* S 
1761 Lon. of Pollux 3 19 55 12 Lon. of Spica Vir. 0 0 0 2 
Abberration add 4 | Aberration add I 
Appt. Lon. 3 19 55 16 5 20 32 53 
Ds Ditto 5 4 47 50| )'s Lon. 1 
Diff. of Lon. 8 44 52 34 | Diff. of Lon. 64 25 © 
The Reſult of the Obſer. per Pollux = 1» 3% 227 = 240% 38% 
ditto, per Spica =1:37 43. = £4 26 
The half Sum is the true Difference of Len. per Ob; = ſp 
W. from Greenwich | : BY 
London to Greenwich, E. Subtract 5 
| Longitude of the Ship, from London, W. 24 27 


REMARK I. The Concurrency of the Obſervations taken of Stars, Eaft and 
Weſt of the Moon, ſelf-evidently proves the Determination of the obſerved 
Longitude of the Ship to be juſt. I have omitted the Computations, as not 
being material, fince they may be readily done by the foregoing gone 


[9-51 


St, Helena, June 14, 1761. 


„* 10 
0 
At 7 24 20 P. M. appt. Ti. J ob. the D. of ) and Spica V. = 33 39 
Aſſume 23 49 2 5 55“ W. from London y's half Diam. 15,1 


Sum = 7 48 o the appt. Ti. at London. Appt, D. of the Cen. 33 54,1 


rd] 


0 / | 
J. »'s Appt. Z. D. = 236 03, | 
*'s 4 50 ” * rer Calculation. 
Appt. D. of the Cen. 33 54,1 8. co-ar. Ds Z. Diſt, = 0,2301734 
8. co-ar. of X's ditto o, 90605 36 
Sum 71 85 


er Dig; J 5,981 


0 327 % i 38-23" 45 9.717021 


„ 7 


19,4907 526 
Di 2 29 15 and 31 24 51 of 33 48 22 2 9,7453703 
Their Difference of Azimuths 67 36 44 
Þ 's Par. at 542 Alt. 31, 67 
Refr" 0,6 
Difference 31,0 
| 8. oO / I 
ds Longitude 723: 49 30 
X's Ditto & 20 323 23 
Difference of Longitude 33 18. 27 
The Moon Eaſt of the Star. 
6 | @ £ 
From 's Appt. Z. Diſt. . 5-3, nt warez DfE 75-79 
Take the Diff. of Par, and Refru 31,0 add Refr. +,1 
Þ's true Z. Diſt, 35 325 Rss true Z. Diſt, =7 8,0 


II. 


_ 22 88 — » - — 
El — — == 


— bs IE Pr 3. 


— ER 


—— — — 
2 
- - * 


2% , IR 


„ 


5 1 7. 
II. To Tan. of the leſs true Z. Diſt. 7 8.. 00 = 9, 0974219 
Add the co-f. of the Diff. of Azi. 67 36 44 = 9,5807804 
Log. Tan, of A. 2 43 42 = 38, 6782023 
The greater true Z. Ditt. 26-44-40 
Arc B. 32 48 48 _ 
co. ſ. of A. co-ar. o, ooo 4927 
co-1. of B. | 9,9245070 
co- ſ. leſs true Z. Diſt, 9,9966254 


” 7 


co-f. true Diſt. ob. 33 23 -4]=9,9216251 


Now we have given the three Sides of a ſpherical A to find the C at the Pole 
of the Ecliptic, it being the Difference of Longitude. | 


3 
III. Given the 's Lat. 1 05 8. and the )'s Lat. 33 50 N. Hence the 


its s. co-ar. = 0,0002739 
its s. co-ar. = 0,00002 10 


a $ = 9,4241257 
* big — 9,4899241 


& from the Pole 87 57 55 
D from ditto 9o 33 50 
tr. Diſt. of ) & & ob. 33 23 47 


* 


nn 
105 57 46 and 105 57 46 


13,9143447 


. BY, H/ 
— 90 33 50 and —87 57 55 . of 16 $9 ot 4 = 9,4571723 
DIE -' 15 23:66: and 17 50 $1 — .(v— 


— 33 18 3 the Diff. of Lon. by Obſer. 


the Diff. of Lon. by Cal. 
33 18 27 FRE Aſtro. Table. 


- o o 24 the Cal. Lon. greater. 
| The Star Weſt of the Mecon. 
As the hourly Mntion of the ) a & 30/,3: 152: : 24” : 12' the Proportional 
Quantity to be ſubtracted from the Lon. aſſumed, viz. 
From 5 55/ W. 
Take — 12 


Lon. by Obſer. 5 43 W 


Error of Lon. by Gbſervation 11 Miles. 


— — r 


The Table following contains the variable Part of the Moon's Mo- 


tion adapted to the firſt and laſt Columns, and to the Minutes 
of the Mean Second Differences at the Head of the Table; 
theſe variable Parts or Quantities are in Seconds and Decimal 
Parts, and to be applied as directed in the Notes thence fol- 


lowing. 


Hence by having given the Moon's Longitude, Latitude, or De- 


clination from 24 to 24 Hours, by this Table of Second Dif- 
ferences the true Longitude, Latitude, or Declination may be 
found: but if the Longitude of the Moon be given from 12 to 
12 Hours, then the true Longitude at any Hour. or Minute 
may be more accurately obtained. Theſe tabulated to each 
Day at Noon, as in the Tables herein, are for January and Fe- 
bruary 1763; the Moon's Latitude, with the Longitude of the 
Moon at Mid-day and Mid-night for the Meridian of London; 
alſo their Firſt, Second, and Mean Second Differences, which 
I have done in order to make the Method of obtaining them 
more familiar to the Reader, and particularly to the Seafaring 
Gentlemen. I hope by what the following Pages contain, many 
ingenious Mariners will find their Latitiide and Longitude by Ob- 
ſervations of the Moon, which muſt give them the greateſt 
Pleaſure and Satisfaction, as they will reap very conſiderable 
Advantages thereby. If the Longitude of the Moon be found 
to any ſucceeding Hour to which it was before found, then the 
Difference will be the Moon's hourly Motion, 


H A Table 


A Table of Second Differences from 1 to 16 Minutes, wich the 


S — 


= 


— 7 


71 


— — — 


ID — 21 — — buy 


—— 
— 
w» 
1 
hd Wl — — 


/ 

1,5 1,7 | 

3,0 3,4 

4,4 | 551 

5,3 | 0,7 

7,2 8,4 

8,5 9,9 

9,9 | 11,5 

9,3 11,2 13,0 
4 12, 14.6 
3,7 | 16,0 

550 27,5 

6,2 18,9 
17,4 20,3 
16, 18. 21,0 
19,7 £392 
20,8 | 24,3 
21,9 25,5 
22,9 | 20,7 
24,0 | 28,0 
25,0 | 29,2 


1 


variable Quantity for the Time in the firſt and laſt Columns. 


* —— N * 
; 
— — ; 


H. 12H. 2. 


9/ 1079 117 122 13/ 147 157% 157 F / 
22 | 255 4 257 3.0. 337370 l 543 4 
4-4 1" 4:9} 554 -:5-90 F044 }- 0,0] Job |- 7,0 111 48123. 36 
6,6 #94 0 | 8,7 | 9,4 | 10,2 | 10,9 | 11,9 11 4223 24 
8,7 | 9,7 | 10,0 | 11,6 | 12,6 | 13,5 14,5 | 15,4 [i1 36123 12 
10,8 | 12,0 | 13,2 | 14,4 | 15,6 | 16,8 | 18,0 | 19,2 [11 30 23 © 
12,8 | 14,2 | 15,0 7,0 | 18,4 19,9 | 21,3 22,7 [11 2422 40 
14,8 | 19,5 | 18,1 | 19,7 | 21,3 } 22,1 24,7 l 20,4 |11. 18022 36 
16,7 | 18,6 | 20,5 | 22,4 24.3 20,0 | 27,9 | 29,7 [11 12]22 24 
18,7 | 20,8 | 22,9 | 25,0 | 27,1 | 29,1 | 31,2 | 33,3 [11 622 12 
20,0 | 22,9 | 25,2 | 27,5 | 29,8 | 32,0 | 34,3 36,6 [11 of22 © 
| 22,5 | 25,0 | 275 | 39,0 | 32,5 | 35,0 | 37,5 | 40,0 10 54121 48 
24,3 | 279 |_29,7 |_324 | 35,1 37d | 49,5 | 4392 10 48]21 36 


| 26,1 | 29,0 | 31,9 | 34,8 37,740,643, 45,7 Io 421 24 
| 27,8 | 30,9 | 340 | 37,1 | 40,2 | 433 | 46,4 | 49,4 10 36j21 12 
29,5 32,8 30,1 39,4 | 42,7 | 4559 | 49,2 52,5 [Io 3ofzI © 
31,2 | 347 |_3%2 1 417 | 45,2 | 48,6 | $2.11 55,5 [19 24020 48 
32,9 | 30,5 | 4, 1 43,7 | 47,4 | 511 | 54.7 | 58,4 10 _—_ 35 
34,4 | 38,2 | 42-9 | 45,3 49,6 53,5 | 57,3 | 61,1 0 12 

36,0 | 45,0 | 44,9 | 48,0 | 52,0 | 55,0 | 65,0 | 64,0 [10 6120 12 


— — 


—— — 


"x _- — mrs. 
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A A Table of ſecond Differences from 17 to 24 Minutes, 
4 H12H. | 1 
1 177 18/ 197 207 217 227 230 | 24/ - 
T2] 6} 4,2 | 44] 46 4.9% 5,1] 5,4] $9 59 
24 12] 8,4] 89 | 9,4 9,81 . 10,3] 10, 11,3] 11, 
5 18] 12,4 | 13,1 | 13,8 14,6 15,3] 16,0 19,7 17,4 
48] 24] 16,4 |} 17,4 | 18,4 19,3] 20,3] 21,2] 22,2} 23,2 
1 of of 20,4 | 21,6 | 22,8 | 24,5 25,2] 25,1 27,5] 28,8 
1 22] 35 24,1 | 25,0 27,0 | 28,4] 29,8] 31,2] 32,6] 34,0 
1 24] 42] 28,0 | 29,7 | 31,3 | 33-9] 34," 36,1] 37,3] 39,4 
1.367 48] 31,6 | 33-5 | 35-4 | _37-2|_ 39.1|_41,0]_ 42,9] 44:7 
1 48] 54] 35-4 | 37-4 | 39-4 | 41,6] 43,7] 45,8] 47-9] 50,0] 
2 Ot of 38,9 | 49,2 | 42,5 | 45,8] 48,1 50,4] 52,7] 55,0 
| 2 I2ls 6 42,5 | 45,0 | 47,5 | 50,0| 52,5] 55,9; 57,5] 60,0 
| (2 24]1 12] 45,9 | 48,5 | 5193 | 54,0] 56,7] _59,4|__ 62,1] 64,8 
j | 2 36/1 18] 49-3 | 52-2 | 55,1 58,0% , 3,801 5,711 9,6 
| 2 481 24] 52,5 | 55-6 | 58,7 |: 1,8]: 4.9% B,olt 11,101 14,2 
. 3 oft 30] 55,8 | 59,0 | 62,3 [ 5,61 8,91 12,201 15,501 18,8 
1 3 1201 36! 59, | 62,5 | 66,0 [1 9,401 12,1 16,201 19,901 23,4 
1 3 24|1 42 62,0 | 65,7 | 69,3 1 13,1 16,1 20,201 23,8]1 27,5 
F } SGjr 48 64,9 | 68,8 | 72,6 [ 15,4|1 20,2|t 24, [l 27,801 31,6 
3 48/1 541 68,0 | 72,0 | 76,0 [1 29,0[1 24, 01 28,00 32,001 36,0 
i 4. _©[2 / 7% | 75,1 [_79-3 | 23-4]1_27,6[1 31,81 36,0]! 40,2 
4 2002 10] 75,4 | 79,9 | 84,3 [ 28,801 33,21 37, 601 42,01 40, 
4 40/2 20 79,9 | 84, 9,3 [1 34, [l 38,71 43,41 48,101 52,8} 
] 5 ofz 30] 34,2 | 89,1 | 94-1 [1 39,001 44,001 48,8/1 5$3,*|1 58,8 
| . | 5 20j2 4ol 88,1 | 93,3 | 98,5 [1 43,601 48,801 54,011 $9,2]2 44 
| 5 4oſ2 504 91,9 | 97,4 [102,8 [1 48,2j1 53,61 59, [2 4,412 9,80 
| 6 o[z3 o 95,6 j101,2 106,8 [I 52,4]1 58,002 3,62 9,22 14,8 
| 6 3003 15/100, 106,6 [112,5 [1 58,402 4,302 10,212 16,102 22,0 
| 17 003 300105, 111,6 [117,8 2 4,012 10,22 16,42 22,5]2 28,8 
1 f 7 3003 451109,5 j116,0 [122,4 [ B8,9]2 15, 302 21,72 28,2]2 34,6| 
3 - | 8 ol4 o[113,3 [120,1 [126,7 z 13, 42 20, [2 26,2 33,4|2 40,0} 
: 8 304 15/116,6 [123,5 [130,3 j2 17, 22 24,012 31,0 2 37,8 2 44,6 
; 9 014 39]119,5 j126,5 [133,5 [2 20, 602 27,52 34,62 41,602 48,6 
0 9 3014 4/121, 129, 1 136,3 [2 23, 42 30, 602 37,802 45,02 52,2 
1 110 ol; oj123,9 131,2 138,5 2 25, 802 33, 102 40, 42 47,712 55,0 
j 11 oß 30[126,6 124. 141,5 |2 29,0]2 36, 402 44,012 51,412 58,8] 
j j12 of ofr27,5 [135,0 [142,5 lz 30,912 37,5|2 45,012 52,513 979 
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and from 24 to 30 Minutes incluſive, 


E 12 H. | 24H. 
1 


5, „% 5, „, „„ enn een 
12,3] 12,8] 13,3! 13,8] 14,3] 14.7] 11 48023 36 
18,2] 19,0] 19,7 20,44 21,2] 21,911 42023 24 
24,1] 25,1, 26,00 27,0] 28,0] 29,0[11 36023 12 


30,0] 31,2] 32,4 33, 347] 35,¼%/½1 39123 
35.4] 36,8] 38,3] 39,8] 41,3] 42,7]11 24/022 48 
41,0] 42,6] 44,6] 46,2] 47,8] 49,11 18022 36 
45,5 48,5] 50,31 52,2] 54,1] 56,0111 12122 24 
62,1] 54,2] 55,2] 58,2] 60,3] 62,411 6/22 12 

$7,3] $9,606] 61,8] 64,0} G6,4] 683,711 22 
32,5 5-0 67,51 70,0] 72,41] - 74-9119 54121 43 
22,90]. 7599] 78,3] 81,0 48/20 35 
72,54 75,4] 78,31 81,2] 84,0} 56,9] 1 42021 24 
77,3] 89,4] 83,4] 86,6] 89,6] 92,710 66]21 12 
82,1] 85,4] 88,6] 91,8] 95,1] 98,4/1o 30j21 
86,91 99,4] 93,7] 972} 100,5] 104,010 24/20 48 


1 31,21 34,8]1 38,51 42,101 45,8]1 49,410 18020 3 
1 35,41 39,21 43, 11 47,01 50,91 54,7jlo 1220 24 
I 40,011 44, off 48,01 52,01 55,911 59,910 6/20 12 
* 44,401 48,51 52,601 56,82 o, 82 5,0j10 20 

1 5,80 55,4 59,8% 43] 8,7]2 13,1] 9 550 49 
1 57,5}2 2, 22 6,9]2 11, 602 16,3j2 21,0} 9g goſlg 20 
2 3,8]2 8,8]2 13,712 18,6]2 23,52 28,49 3019 

2 9,6[2 14,8|2 20,0|2 25,212 30,302 35,5] 9 20 18 40 
2 15,22 20,612 26, 202 31,4{2 36,92 42,3 9 10018 20 
2 20, 442 26, 102 31, 802 35,402 43,1 48,7 9 18 

2 27,9]2 33,802 39,8 45,802 51,802 57,7] 8 45117 30 


2 41,10 47,60 54,0]3 9,403 6,903 13,3] 3 15/16 30 
2 46,602 53,33 o, oſ3 6,7]3 13, 33 20, ol 8 16 
2 51,0% 53,413 $313 12,113 18,93 25,807 45/7 30] 
2 55,h]3 2,813 9,813 10,513 23,913 30,9] 7 30|15 


} 
| 
| if 
I Notes | 


— — — 
— I Me Cr — - 


Notes to be obſerved in the Uſe of the foregoing Table. 


Note 1. If the Firſt Differences (of Longitudes, Latitudes, Declinations, or 
Right Aſcenſions) increaſe, then ſubtract the variable Quantity, per Table above; 
bit if the Firſt Differences decreaſe, then add the variable Quantity to the Mean 
Increaſe of the Longitude, &c. for the Time given. 


2. To find the Mean of the Second Differences of Longitudes ; when the Signs 
are alike, that is, when the Differences of the Firſt Differences are all increaſing or 
decreaſing, then the Second Differences will have like Signs, otherwiſe unlike 
Bigns. And when the Firſt Differences are increafing, then the Second Differences 
are marked with the Sign ＋; but if the Firſt Differences decreaſe, then the Se- 
cond Differences are marked with the Sign —, as + 5, —=3—=2, Alſo if the 
Second Dittercnces were + 3/ 17// 

- 1' 10% | Difference, 
and — 4 27 
o 35 | 1 ditto the Mean. 


Suppoſe the 2d Differences + 10/ 12// | If 2d Differences were — 27 40 
and — 3 50 and — 13 17 
Difference ＋ 6 22 the Sum 40 F 5 
Enter the foregoing Tab. with 3 11 | Enter the Table with 20 28 the! 
— | — 


3. If the Mean Second Diffefence be greater than zo“, as per Table, then di- 
vide it by any Number, and take out the, variable Quantity, which multiply by 
the ſaid Number for the Reſult, 


4. If the Mean Second Difference be leſs than 1/, then take out for Seconds as 
if it were Minutes, and divide the Produce by Co, the Quot, will be the true 
Reſult, | 


N XAMP LX 


E 


E X A M P L E J. : 
To find the true Longitude of the Moon the Iſt of January, 1763. at 12 P. M, 
at the Meridian of Paris, 


1762 ps true Longitude, 1ſt Diff. 2d Diff, 
Dec. 31, "4 / H : 
n ©3306-3026 „ 
1793 I4 37 $9 F: MM 
Jan, 1 = 4 0 59 01 1 
. 
t —2 9 
14 40 54 
3 =5 oo 22 58 


The Sum = +2 55 
The z Sun — 1 27 the Mean 
„ ® „ 6 to enter the Table, 
Now if 24 gives 14 43 oz the Increaſe of Lon. 
| 12 ditto 7 21 31,5 for the Mean Increaſe, and 
againſt 12 under 1/ is % f 
ang under 2 is 15,0 
— OIIPEOING. 
The Jun-. 22, 
and half Sum for 111 11,2 ſubtract, becauſe the 
Mean 2d Difference is + or more. | 


— NT 
Hence from 241 30,6 
Subtract 11,2 
— „ EY 
l the true Incr. * 21 20, which added to 4 0 59 01 
— — Viz, + 721 20 
The Sum is the true Lon. at 1 Day 12 Hours at Paris g 4 8 20 21 


EXAMPLE II. Rs OT 
Required the true Longitude of the Moon, at 180 3o/ P. M. at Paris, 
h „ 8 7 / 


| od 


12 = 7 21 31,5 againſt 18 zo is 5,3 under 1 ; 

6 = 3.40 46,7 10,6 under 2 

SS 0-239 23,8 

— Half Sum is 8, o the variable Quantity. 
M. Incr. 11 21 41,0 
V. Part — 8, W 
Hence to the Mid-day Lon. 4 oo 59 0J 

true Incr. 11 20 33 ＋ 11 20 23 


Ps 1 


The Sum is the true Lon. required = 4 12 19 34 


L 36 J 

Obſ-rve, that the Firft Dierence js adapted to the Middle Time of the two 
given Times ; the Second Diverence to the Middle Time of the three given Times 
and the Mean Second Difference to the Middle Time of the four given Timcs, 
il-ace the Mean Second Ditterence of the 1ſt, 2d, zd, and 4th Days, is 21 Days. 

Note, That the Mean Second Difference of the 24* Differences, bcing divided 
by 8, gives the variable Quantity for the 12? Second Difference of Longitude, 
Declination, &c. Therefore when the Firſt Difference increaſes, ſubtract | of 
the Mean Second Difference. If the Firſt Difference decreaſes, then add Þ to or 
from the Mean 12 Hours Increaſe, and you will have the true Increaſe, 


For the Declination of the Moon, 
When the Mean Second Differences of Declinations are leſs than 8/, no Regard 
need to be taken of them, fince the Declination is only required to Minutes, and 
the greateſt variable Part or Quantity arifing from the Mean Second Ditlterence of 
8/ being only 1/ ; therefore the variable Part for all other Times greater or leſs than 
twelve Hours will be leſs than 1/. 
| It the Declivations be of different Names, then the Sum is the Firſt Difference. 
And, when the Signs of the Second Differences are alike (that is both , or both 
—) then half of the two Second Differences, is the Mean Second Difference. 

| But when the Signs are unlike (that is one +, and the other —) then half their 
Difference is the Mean Second Difference, as per Example foregoing. 


Required to find the Declination of the Moon the 22d of May, 1763, at 84 P. M. 
the Time of her Southing, at the Meridian, zo? W. from London. 


1ſt Diff. | 24 Diff, | Mean 2d Diff. 
M.D. Decl. 5 
6 / © 10 / 
21 | 8 37N. ＋ 32 ; 
6 42 20 
| 22 1 33 + 08 
| 6 50 3 
| 23 4 558 34 
| 6 36 | 24 
| 24 } 8 — 34 
| 27 6 o2 


25 17 33 
The Mean 2d Diff. 3/ gives o/ for variable Quantity. 
h 3 


24 = 6 50 the Variation of Declination. 


| S223 Wh 
| 3 28-0:: £5 
1e $2 


2 25 the Variation of Declination 
I 


Decl. the 22d =1 55 N. decreaſing 


Remains the Decl. = o 308. To 


1 


To find the Declination the 23d at 9 11/ the Time of the hes Southing, at the 
Meridian of London. 


Daily Variation = 6 36 


1 

1 = 0 161 

e 

N | | oa + 

Mean 2d Difference 24/ gives variable Quantity + 28s 
True Va: of Declination 1 34 +. 
Declination the 23d 4:56: 

The Sum is the true Declination „ 


Obſerve, in taking out the variable Quantity, that if you enter the Table with 
Degrees at the Head of the Table, tlien the variable Quantity will be Minutes, for 
Example: 

Suppoſe the Mean Sec. Diff. to be 19 29/ now under 1/ is 7/,5 againſt 128 
and for 29/ add for the Increaſe 357 


Hence the variable Quantity 11,2 


Otherwiſe; Thus 19 29/ = 89/, and 3 thereof is 30 —; now under 30, ant 
WA 12 is 3/3, which multiplied by 3 give 11/ 4 as before: 
Or 897/, + thereof, is 22/ 4 under which is 2/ 47// 
which multiply by the No divided, by X 4 


The variable Quantity 11 8 


Obſerve, that the greateſt daily Variations of the Moon in Longitude, Latitude, 
and Declination are as follows, nearly. 


Lon. Lat, Decl. 
1 F | 
in 24 16 2 40] 7 12 | The greateſt Decl. of the Moon is 289467 „ 
12 |] 8 1 20 3 36 | And of the Sun 23 28 $0 
6 | 4 o 4o| 1 48 | | 
3-1. 0207-0 £4 
EXE | 9 18 
The Mean Inclination of the Moon's Orbit is about 5 8/ 30% 
The greatett being 6: $7 0 
And the leaſt 4 59 30 


The Ratio of the Par. to the Diamr. as 57/,7 to 15/ 


In like Manner the Declination, at any Time, may be found; only obſerving to 
deduct the variable Quantity, when the firſt Differences increaſe, and to add it 


when they decreaſe, 
K A Table 


A Table of the Moon's Parallax of Altitude. 


» 'sAp. The 

Alt. | 54 | 55' | 5&' | 57! | 58” | 597 | 60! | 617 | 61/4 
I 54,0 | 55,0 | 56,0 | 57,0 | 58,0 | 59,9 | 6o,o | 61,0 | 61,5 
2 |54-2|55,0|55,0|57,0| 55,0 | 59,9 | 60,0 | 61,9 | 61,5 
3 |$53-9 1549 | 55,9 | 509 | 5729 | 5B,9 | 59,9 | 69,9 | 61,4 
4 |539|5483]55,8] 56,8] 57,8] 58,9 | 59,9 | 60,9 | 61,4 
5 53.8548 55,856,857, | 58,8 | 59,8 | 59,8] 61,3 

6 | 537 [547 | $57 | $637 | $77 | 53,7 | $97 | $0,7 | 01,2 
; 53-9 | 54-6 | 55,9 56,6 | 57,0 | 58,6 | 59,6 | 60,5 | 61,1 
| 5355 | $495 | $595 | 56,4 | $74 | 58,5 | 59,5 | 60,4 | 60,9, 
9 | 53-3 | 5433 | 55-3 | 56,3 | 573 | 58,3 | $93 | 60,3 | 60,8, 
10 | 53,2 | 54,1 | 55,1 | 56,1 | 57,1 | 58,1 | 59,1 | 60,1 _— 
It |53,0|540|55,9| 56,0 | 59,9 | 57,9 | 55,9 | 59,9 60, 
I2 |$2,8| 533 | 54,8 | 55,3 | $07 | 577 | 58,7 | 59,7 | 60,2] 
13 |$52,6|53,9 | 54,0 | $55 | 5935 | 5755 | 53,5 | 594 | 5999; 
14 | 52,4 | 53-4 | $493 | 55-3 | 56,3 | 57,2 | 58,2 | 59,2.] 59,7] 
15 | 52,2 53,1 $41 | 55-9 |56,0| 57,0 | 58,0 | 58,9 | 59,4 
16 |$19|52,9 | 53-3 | 543 | 55,3 | $6,7 | 57,7 | 53,5 [.59.9, 
17 51% 52,653,546 | 5555 | $6,4 | $74 | 58,3 | 58,8, 
18 51,4 52,3 | 53:3 | 54-2 | 55-2 | 56,1 57-1] 58,0 | 53,5) 
19 |$1,1]52,0|53,2 | 53,9 | 54,8 | 55,8 | 59,7 | 57,7 | 58,2; 
20 | 50,8 | 51,7 | 52,0] 53,6 | 5455 | $55 | 50,4 | 57-3 | 57:3, 
21 | 50,4|$1,4| 52,2 | $32 54,55% | 56,0 | 56,9 | 57,4' 
22 5% 5% 51,9| 52,7 | 53,8 | 54,7 | $5.6 | $6,5 | 57,1] 
23 [|49%7|$0* | Sls | 52,3 | $34 | $493 | $592 | 56,1 | 56,6) 
24 [493 5% % | $3-0 | $3.9 | 548 | $5,7 | 56,2 
25 [48,9 | 49,5 | 59,7 | 51,7 | 52.2 | 53,5 | 544 | $523 | 5557 
26 | 48,5 | 49,4 | 59,3 | 51,2 | 52.1 | $30 | 5339 [5428 | 55,2 
27 | 48,1 | 49,0 | 49,9 | 50,8 | 51,7 | 52,0 | 53,5 | 54-3 545 
28 7.7 | 49,0 | 49,4 | 5,3 51,2 | 52,1 | 53,0 | 53,8 | 54.3 
29 4,2 | 48,1 | 49,0 | 49,9 | 59,7 | 51,0 | 52,5 | 53,3 53-5, 
30 [| 40,5 | 47,9 | 45 [49,4 | 59,2 | 5I,T | 52,0 | 52,9 | 53,3 
31 | 46,3 | 47-1] 43,9 | 45,9 | 49,7 | 59,6 | 51,4 | 52,3 | 52,7 
32 | 45,8 | 46,6 | 47,5 1 48,3 | 49,2 | 59,9 | 50,9 | 51,7 | 52,0 
33 | 4523 | 461 | 47,9 | 47,8 48,0 | 49,5 | 50,3 | 51,1 | 51,5 
34 | 4453 | 45,5 | 49,4 | 47-3 | 48,1 | 48,9 | 49,7 | 59,7 | 51,1: 
35 | 44-2 | 451 | 4559 | 40,7 | 4755 | 48,3 | 49,1 | 50,0 | 50,4 
39 | 4337 | 4455 | 45-3 | 40-1 | 46,9 | 47,7 | 43,5 | 49:3 | 4957 
37 | 43-1 | 43,9 4497 | 4555 | 46,3 | 47-1 1.479 | 48,7 | 49,1 
38 | 42,6] 43,3 | 44-1 | 4499 | 4557 | 46,5 | 473 | 48,1 | 48,5 
39 | 42,0 | 42,7 | 4355 [44-3 | 4551 | 4529 | 46,0 | 47,4 | 47, 
49 | 41,4 | 42,1 | 42,9 | 43-7 | 44:4 | 45,2 | 46,0 | 46,7 | 471 
41 | 49,8 | 41,5 | 42,3 | 430 | 43,8 | 4455 | 4523 | 49,0 | 46,4 
42 | 49,1 | 49,9 | 41,0 | 42,4 | 43,1 | 43,9 | 44:0 | 4553 | 4557 
43 | 39,5 | 49,2] 41,0 | 41,7 | 42:4 | 439 | 4359 | 440 | 45,9 
44 | 38,8 | 39,6 | 49,3 | 41,0 | 4137 | 42,4 | 43-2 | 4329 | 44-3 
45 | 38,2 | 38,9 | 39,0 | 49,3 | 41,0 | 41,7 | 42,0 | 43,1 | 435 


Ap. The Moon's Horizontal Parallax continued, 
Alt, . LL. | 5& | 577 | 587 |. 597 | 6& | 61/ | 61/4 


46 | 37,5 | 38,2 |'38,9 | 39,6 | 40,3 | 41,0 | 41,7 | 42,4 | 42,7 
47 | 30,8 | 377 | 33,2 | 38,9 | 39,6 | 40,2 | 49,9 | 41,6 | 41,9 
| 48 36,1 36,8 | 37,5 | 38,1 | 38,8 | 39,5 | 4o,1 | 40,8 | 41,7 
49 | 35,4 | 36,1 | 36,7 | 37,4 | 39,1 | 38,7 | 39,4 | 49,0 | 40,3 
50 | 3497 | 354 | 30,0 | 36,0 | 37,3 | 37-9 | 38,6 39,2 | 39,5 
51 | 34,0 | 34.6 35,2 35.9 | 36,5 | 371 | 37,8 | 38,4 | 38,7 
52 333 | 33-9 | 3455 35,1 35,7 | 36,3 | 39,9 | 37,6 | 38,0 
53* | 32,5 | 33-I | 3357 | 34-3 | 3499 | 3595 | 36,1 | 36,7 | 37,1 
54 | 317 | 3223 | 32,9 | 335 | 34-1 | 34,7 | 35,3 | 35,9 | 36,2 
957 31,0 31,5 | 32,1 | 32,7 33,3 33,5 34+ | 3592 | 3593 


56 | 30,2 | 30,7 | 31,3 | 31,9 | 32,4 | 33-0 | 33,9 | 34,1 | 34,4 
$7 +| 29,4 | 29,9 | 30,5 | 31,9 | 31,6 | 32,1 | 32,7 | 33,2 
58 | 25,6 | 29,1 | 29,7 | 30,2 | 30,7 | 31,3 | 31,8 | 32,3 | 32,6] 
59 | 27,8] 28,3 | 28,8 | 29,4 | 29,9 | 30,4 | 30,9 | 31,4 | 31,7] 
f 60 27,9 | 27,5 | 28,0 | 28,5 | 29,2 | 29,5 | 30, 0] 30, 5 30,8 
61 29,2 | 26,7 | 27,1 | 27,6 | 28,1 | 28,6 | 29,1 | 29,6 | 29,9 
62 25,4 | 25,8 | 26,3 | 26,8 | 27,2 | 27,7 | 28,2 | 28,6 | 28,9 
63 24, 5 25,0 | 25,4 | 25,9 | 26, 3 26, | 27,2 27,7 | 28,0 
64 | 23,7 | 24,1 | 24,5 | 25,0 | 25,4 | 25,9 | 25,3 | 20,7 | 25,0 
65 | 22,8 | 23,2 | 23,7 | 24-1 | 245 | 25,0 | 25,4 | 25,8 [26,1 


* 
2 
SS) 
- 
LM! 


66 22,9 | 22,4 | 22,8 | 23,2 | 23,0 | 24,0 | 24,4 | 24,8 | 25,1 | 
67 | 21,1 | 21,5 | 21,9 | 22,3 | 22,7 | 23,0 | 23,4 | 23,8 | 24,1 
68 20,220, 6 21,0 | 21,4 | 21,7 | 22,1 | 22,5 | 22,9 | 23,2 
69 19,4 19.7 20,1 | 20,4 | 20,8 | 21,1 | 21,5 | 21,9 | 22,2 
| 70 18,5 | 18,8 | 19,1 | 19,5 | 19,8 | 20,2 | 20,5 | 20,9 | 21,2] 


71 11,6 17,9 | 18,2 | 18,5 | 18,9 | 19,2 | 19,5 | 19,8 | 20,0} 
| 72 19,7 | 17,0 | 17,3 | 17,6 | 17,9 | 18,2 | 18,5 | 18,8 | 19,0 
73 15,8 | 16,1 | 16,4 | 16,7 | 15,0 | 17,2 | 17,5 | 17,8 | 18,0 

74 14,9 | 15,1 | 15,5 15,7 16,0 | 16,3 | 16,5 | 16,8 | 17,0] 
| 55 | 14,0 | 14,2 | 14,5 | 148 | 15,0 | 15,3 | 15,5 | 15,8 77 


76 13,1 | 13,3 | 13,6 | 13,8 | 14,0 | 14,3 | 14,5 | 14,8 | 14, 
77 12,1 | 12,4 | 12,6 | 12,8 | 13,9 | 13,3 | 13,5 | 13,7 | 13,9] 
78 11,2 | 11,4 | 11,6 | 11,9 | 12,0 | 12,3 | 12,5 | 12,7 | 12,8 
79 | 10,3 | 10,5 | 10,7 | 10,9 | 11,1 | 11,3 
F 6 
81 , 2 , 9 0 2 24 2 9,” 

: 7 8 8 8,61 
83 6,6 6,7] 6,8 | 6,9 TO | 72 7731 75 7,0 
$8 [-$01:$8 1-59 6% 6,1 6, 6,3 1 6,4 |. 6, 
88 [4.7 48] 49] 52] I 522 | $93 | 593 | 4 
do 3,8 3,9] 3.9] 4.0] 40| 4,1] 42| 433] 44} 
87 2,0 1,0 % 3% 3-0] Jet] 3.33.4 
88 1, ] 1,9] 2,0 2,0 2,0 2,1] 2,1] 2,2 2,3 
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The Uſe of the foregoing Table. 


Enter the Table with the Moon's Horizontal Parallax at the Head; viz. 54/, 557, 
&c. to 61/ 4; and under the preſent Horizontal Parallax, and againſt the De- 
grees of the Moon's Altitude, in the Left-hand Column, is the Moon's Pa- 
rallax at that Altitude. | 


EXAMPLE. 


Required to find the Moon's Parallax, at 17* 39/ apparent Altitude, when the 
Moon's preſent Horizon. Parallax is 57 
under 5% and againſt 17 is Parallax 54,5 
| and againſt 18“ is ditto g4,2 
Therefore at 179 5, Altitude is 54/,35, the Parallax required. 


1 


4 a 


n 


Required to find the true Altitude of the Moon, the of January, 1763, 
at 34/ after Midnight (the Time of her Southing) ; ſuppoſing her Meridian Alti- 


_ obſerved to be 20% 4o/, the Dip of the Horizon, and: Diameter allowed 
or. | 


By the following Table 1 find the Horizon. Parallax to be 60/ at the Meri- 
dian of London, when the Moon is South. Now by the f-regoing Table againſt 
219 Altitude, and under 61/ Horizon. Parallax, is 56% 9 the Parallax of the Alt. 


from which take the Refraction 4,5 

Difference Bk 
Now to the apparent Altitude obſerved 209 40/ 
Add the Difference above found 5 2 
The Sum is the true Altitude of the Moon = 26 13 


A Table 


L 4 


A Table of the Apparent Increaſe of the Moon's Diam. at different Degrees of Height. 


E : r 

I = The Moon's Horizontal, Diameter. 

oo LE AGE AS MX MW » 
2: 4.80 ] [1,01 1,0; 3;1-] 1,81 18 
4 2,0 | 2,0 '2,1-] 2,3 2,4 2,6 
6 2,9] 2,9 3,2 3,5] 3. 4,0 
3 | 39] 3-9] 4.3 4.) 43] 5,3 
10 4,8 971 554 5,8 | 6,1 5,5 
12 | 5-3] 6,1] 6,5| 6,9 7,3] 7,8 
14 | 6,8] 7,11 7,51 8,1 8,5 9,1 
16 7-71 8.0 „ 0;3 |- 9,71 10,4 1 
13 8,7 | 9,0] 9,5 | 10,3 | 19,9 | 11,7 
20 9,6 1 10,11 10,7 | 11,4 1 12,11 12,9 
22 | 10,0 | 11,0 | 11,7 | 12,5 | 13,3 | 14,1 | 
24 | 11,5 | 11,9 | 12,7 | 13,6 | 14,4 | 15,3 | 
26 | 12,4 | 12,9 | 13,7 | 14,6 | 15,5 | 16,5 
28 113,31 13,8 14,7 15,5 16,6 15,6 F 
30 | 14,1 | 14,6 | 15,6 | 16,6 | 17,6 | 18,7 
32 | 14,9 | 15,5 | 16,5 | 17,6 | 18,7 | 19,8 
34 | 15,8 ! 16,2 ! 17,4 | 18,5 | 19,7 | 20,9 
36 | 16,5 | 17,1 | 18,3 | 19,5 | 20,7 | 22,0 
38 1 17,3 1 17,9. | 19,1 20,4 | 21,7 | 23,0 
40 1 18,11 18,971 20,0 1 21,31 22,61 24,1 
42 | 18,8 | 19,4 | 20, 8 22,2 | 23,6 | 25,0 
44 | 19,6 | 20,2 | 21,6 | 23,0 | 24,5 | 26,0 
46 | 20,3 | 20,9 | 22,4 | 23,8 | 25,3 | 26,9 

48 21,0 | 21,6 | 23,1 24, 26,2 | 27,8 
co | 21,5 | 22,3 | 23,3 | 25,4 | 27,0 | 28,7 

52 | 22,1 | 22,9 | 24,5 | 26,1 | 27,7 | 29,5 
54 | 22,71 23,61 25,11 26,8 1 28,4 1 30,3 
56 | 23,3 | 24,1 | 25,8 | 27,4 | 29,2 | 31,0 
58 | 23,8 | 24,7 | 26,4 | 28,1 | 29,9 | 31,7 
60 | 24,4 | 25,2 | 27,01 28,7 | 30,5 | 32,4 
62 | 249 | 25,7 | 270 | 29,3 | 31,2 | 33-1 
64 | 25,5 | 26,2 | 28,2 | 29,9 | 31,9 | 33,8 
66 | 26,0 | 26,7 | 28,60 | 30,5 | 32,4 | 34,3 
68 | 26,4 | 27,3 | 29,9 | 30,9 | 32,8 | 34-8 
70 | 26,7 | 27,9 | 29,3 | 31,2 | 33-2 | 353 
72 | 27,0 | 28,3 | 29,9 | 31,5 | 33-5 | 3597 | 
74 | 27,3 | 28,6 | 29,9 | 31,8 | 33,8 | 36,0 
76 | 27,5 | 28,8 | 30,2 | 32,0 | 34,0 | 30,2 
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To find the Latitude of a Ship (or Place) by obſerving the Meridian 


Altitude of the Moon. 


1. Bring down to the Horizon the round Edge, or enlightened Limb cf the 
Moon (with a Hadley's Quadrant) then if it be the lower Edge, add the Differ- 
ence between the Dip of the Horizon, and half the Moon's Diameter to the Alti- 
tude taken, and the Sum will be the apparent Altitude of the Center of the Moon ; 
but if the upper Edge of the Moon be taken in the Horizon, ſubtract the Sum 
of the half Diameter and Dip, the Remainder is the apparent Altitude of the 
Center of the Moon by Obſervation, 


2. To reduce the apparent Altitude to the true Altitude, enter the Table of the 
Moon's Parallax of Altitude, with the apparent Altitude in the firſt Column, and un- 
der the preſent Horizontal Parallax (as obtained from the feœegoing-er following Ta- 
bley4orthe Fears 563and-4564) and take out the Parallax of the preſent Altitude, 
then from the Parallax of Altitude take the Refraction, and add the Difference to the 
apparent Altitude, the Sum will be the true Altitude of the Moon on the Meri- 
dian, whoſe comp. to go Degrees is the true Zenith Diſtance, 


3: Take out from the following Tables the Declination of the Moon, and then 
obſerve if the Zenith Diſtance, and the Declination be the ſame (that is, both North 
or South) and if ſo, and the Zenith Diſtance the greater, then ſubtract the Declina- 
tion from the Zenith Dittance, and the Remainder is the Latitude, and of a contrary 
Name to the Declination, 


4. If the Zenith Diſtance, and the Declination be of the ſame Name, and the 
Declination the greater, then from the Declination take the Zenith Diſtance, and 
the Remainder is the Latitude, and of the ſame Name as the Declination, 


5. If the Zenith Diſtance be of a contrary Name, then the Sum of the Zenith 
Diſtance and Declination is the Latitude, and of the ſame Name as the Declina- 
ticn. 


6. If the Zenith Diſtance and Declination be equal, then if they are of the 


_ Name, the Ship or Place is fituated under the Equinoctial, and has no Lati- 
tude, 


But if the Zenith Diſtance and the Declination are of different Names, then the 
Sum is the Latitude, and of the ſame Name with the Declination, 


A new 


A new Table of Refractions, adapted to the middle State of the Air. 


Ap. Alt. Refract. Ap.Alt.|Refract. || Ap. Alt. Refract. Ap. Alt. Refrac 
1 5 * 8 
o 33 o, of 6 Fo] 7 30, 219 zo] 2 39,462 ofo 30,4 

5132 10,447 ©] 7 20, 20 o©| 2 35,1063 5 $I! 

10031 22,2 7 10 7 11, 1 20 30] 2 31,064 27,6 

15139 35,4] 7 1o| 7 2,121 of 2 27,2 || 65 26,5 

20029 49,77 30] © 994 21 30] 2 23,556 2533 

zc|28 22,3] 7 40 6 45,22 of 2 20, 367 24,1 

2128 4,8] 7 5o[ 6 37,12 2 13,7 || 68 22,9 

36027 30, 38 of 6 29,424 2 7,469 21,7 

40[26 59,7]] 8 10 6 22,01] 25 2 1,670 20,") 

co[25 41,3]] 8 20 6 14,826 1 56,271 19,5 
1 of24 28,6]] 8 30 6 8,027 1 51,272 18,4 
1 1023 19,88 4o| 6 1,328 1 46,673 17,3 
1 2022 15, 2 8 50 5 54.829 142,474 16,2 
1 302 1 14,79 5 48,530 138,475 15,1 
1 4020 17,9 9 1of 5 42,431 1 34.676 14,0 
1 5019 24,89 20 5 35,532 131,077 13,0 
2 018 35,0]| 9 3o| 5 30, 933 1 27,678 12,0 
2  1c[17 43,4] 9 40] 5 25,434 I 24,4 | 79 11,0 
2 2017 4,5 9 5of 5 20,0 35 1 21,480 10, 
2 3016 23,810 of 5 14,836 1 18,581 9,0 
2 4oſls 45,410 I5| 5 7231} 37 115,782 8,0 
2 5015 9,410 3o| 5 o, 138 1 13,083 7,0 
3 914 35,6% 45] 4 53,211 33 I 10,4 | 54 6,0 
3 1oſl4 3,9 [11 © 4 46,6 40 1 7.985 5,0 
3 2013 34,1011 15] 4 40, 341 t 36 4,0 
3 3oll3 6,211 30] 4 34,342 1 3,387 3,0 
3 4012 39,6||11 451 4 2 85 43 1 1,188 2,5 
3 coll2 14,6 [12 c| 4 23,244 59,089 1,0 
4 011 51,1012 20 4 16,1 1 145 57,0 [9o o,o 
4 10/11 28,912 40/4 9,446 55-9 [Height [A®Djz 
4 20fi11 7,913 4 3,0 ＋ 377 53,1 ſof Eye. ſof Hor. 
4 3010 48,013 20 3 56,0 48 51, | "Feet. | Min. 
4 49119 29,213 40] 3 51,149 49,4 4 1,9 
4 Foto 11,314 9 3 45,5 [50 47,6 6 | 2,3 
5 0 9 54,3][14 20] 3 40,151 459 8 2,7 
5 10 938,214 40 3 34,952 44210 | 3,0 
5 20] 9 22,815 of 3 29,953 42,0 12 3,3 
5 30] 9 '8,ofjis 301 3 23,754 4, 14 | 3,6 
5 42 8 54,o0|[16 of 3 16,955 39,56 186 3,0 
5 Fol 8 40,616 30 3 10, 56 822 18 4,1 
6 9 8 27,8[17 © 3 7,8057 36,80 20 4.3 
6 10] 8 14,917 30 2 58,958 $8561 "24 4.7 
8 2,8 [18 el 2 53.659 34.2 28 5.0 
6 30 7 51,118 30 2 48,6 33,0 34 | 55 
6 401 7 40, 3 [10 ol 2 43,0 01 31,7] 40 0 


( 44 ] 
The Uſe of the foregoing Table: 


Subtract the Refraction from the apparent Altitude of the Center of the 
Sun, Moon, or Stars; or add it to the apparent Zenith Diſtance, and the 
Reſult will be the true Altitude, or Zenith Dittance obſerved. 


Subtract the apparent Dip of the Horizon from the apparent Altitude. 
If the Decimal Part of the Dip exceeds „5 you may take 1/ for it. 


A Table of the Sun's true Longitude, &c. with 
the Equation of Time, 


1 Diurn. : 
1763]O's tr. Long.| Incr. o 


as Diam. | Time, Dail. 


—_— 


Equ. ofi 


at tr. Noon. | Longit.] Incr, © flow. Diff. 
an. — . ll 
EL EE EF... 1 111 +11 41 
TEL EE EE 
26 6 23 11 e 4413 4 13 
2 2 30 28, z 32,34 : 1 - 461. ** 
29 0 * 730 27,512 32,3 + 4 28 12 
- *7 <1$0: 27, [2 32.5}. IP? 11 
9 1 28 5980 26,502 32,2 2412 5910 
3 5930 26, 2 32,2 34] > 48 9 
22 ___3413 58] 


Place of 's Node. 


| Hence the Pla. 
or Long. of the 
Node may be 
known at any 


Daily Diff. 3/4. 
1763 — 
1 
— 28 2 7 19 
eb. 6 o 26 49 
15 0 20 10 
24 © 25 


491 | time to 1 Min. 
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A Table of the Sun's true Longitude, &c. with the 
Equation of Time. 


gr, 8 | + Diurn. N Equ. of I 
1763 | ©'s tr. Long. | Incr. of | Hourly | Horizo. | Time, Daily 
Feb. | armeanNoon. | Long. | Motion | Diam. | © flow. Diff. 
days. 72 „ „ * FT 
1110 12 27 58] 1 2 32,1132 33114 5 7 
2 13 28 47 5 "Py 32,0 33 I2 - 
3 14.29/35] 221-350 1 40 ]-*5 
4 |} 15 30 22 125 310 32 25 4 | 
1 16 31 8 7 31, 32 423 
6 17-38-52 ny 31,8 32 33] 3 
7 32-361 72-205] 30 1 
8 19 33 16 4 31 39 2 
9 20 33 56 19, 31,0 31 1-1 
10 21 34 35 8 30 42 
19, þ N | 
11 2235 134 is 4 31,5 30 4 
12 23 35 49 cg 31,5 29 E 
13 24 36 23 8 31,4 29 39 - 
14 25 35 56 Fink. 31,3 28 37 
19 26 3727] 55] 31,2 28 344 5 
16 27 37 56 L 31,2 28 31 3 1 
| 1 28 38 25 0 31,1 27- 277 
18 29 38 51 3, 31,0 27 22 2 
19 111 0 39 15 * 31,0 26 16 3 
20 1 39 39 115 30,9 26 9 7 
j 2: [1 2 40 1 10 30,8 20 | 14 2 g 
| 22 3 40 21 , 30,7 25 | 13 $54 8 
23 4 40 39 8 35, 25 4] 5 
24 170355 ay 30,6 24 8 
| 25 6 41 9 653% 395 * 27 
125 41 22 | 530, 5 23 17 =, 
1 LE 12 394132 2212 55 | 
| 
'F : A Table 


A Table to reduce into Degrees and Minutes of Longitude 


the Time of the Equator. 


Hours | Degr. | Min.“ 119 Mean Motion of the 
of of | Sec, |/ /#/ | /! | % Moon from the Sun. | 
Time. | Moti. | Thi. I mim 1 tt di | 
— — 1 — Time. | Motion. 
Hours, | Degr. | Tim. | Moti. | T. | Motion 3 In | 
SD BA : 0 7 7 
I 15 140 15] 31 7 48:7 3 
2 30 2 jo 30328 “ 3 
3 | 45 3 [0 45]33] 5 15} ——— 
4 60 4 |x 0341 B 30 1 o 30 29 
14 arne 
6 90 6 17 $01W01-.9 © By OB 8 | 
{| et 245-46 1004-9 0684-448 54 
IS 120 2 01381 9 38 5 1 
9 | 135 9 |2 15] 39] 9 45 6 | 3 2 $2 
10 150 10 2 3014010 o 7 .-3: 33. .20 
11 165 112 45 [4110 15 9 4 34 18 
12 180 1213 04210 30] 10 5 46 
13195 | 13 [3 15 [4310 45] 11 | 35 15 
14 | 210 14 |3 30441 off 12 | 6 5 43 | 
15 225 Is 3 454511 15 is | 7. 77 5 
16 240 16 |4 4611 30 „ 
I 255 17 [4 154711 45 R 
1 20 | 18 [4 304812 of 30 |i5 14 19 
Ig | 255 1914 451449 1}.**. 238 25 | 19... 40 - 42 
20 300 | 20 [5 5% 12 30% 40 2% 19 5 
S * 45 22 51 28 
21 315 2115 155112 45 7 — 
22 330 22 [ 30213 © © 8 DN 
23 | 345 | 23 js 46533 1 32 * 
24 | 360 | 24 |6 5413 zoſl BS—— 
25 [6 13 533 45 8 5 DT | 
or Degrees. | 26 6 30 5614 o©o EC. | 
Minutes. 27 |6 45 [5714 15 8 88 
Seconds. 287 95814 30 As < 
„% Thirds. 29 7 155914 45 rn 
| 30 [/ 3061 © 3&2 
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The Three following Ta- 
bles are inſerted in order to 
obtain the true Latitude of 


the Moon, by having given 


the true Longitude of the 
Sun and Moon and of the 
Node; by an Ephemeris, 
when the Latitude cannot 
be found near enough b 
Second Differences; which 
happens when the Mecon's, 
Latitude is near the great- 
eſt, as will appear by the 
Tables, p. 45, 46. 

Note, The greateſt Lat. 
happens when the Long. of 
the Moon is 3* from her 
North or South Node. 

But the Moon's Latitude 
may be found at any Time 
by the Three following Ta- 
bles, thus: Reduce the E- 
cliptic Longit. to the Orbit 
Longit. by applying the 
Reduction Equat. contrary 
to its Title, and then work 


as directed at the Head of 


Tab. I. and II. of Latitude. 

Note, This Reduct. need 
not be uſed when the Moon 
is at or near her greateſt 
Latitude, nor when near 
her Nodes, as appears by 
the Argument to enter the 
Table of Reduction with. 
When the Lat. per Tab. I. 


and the Correction, per Tab. 


II. are cf the ſame Name, 
that is, both N. or S. then 
the Sum is the true Latit. 
otherwiſe their Difference 
is the true Latitude. 


| 


| 


1 


— ——— — 
Reduction of the Moon's Orbit 


Place to the Ecliptic. 


Arg. »'s Long. — odes. 


1742.4 1% . 25 8s 3 
. 
1 
8 Fe 5 le 2 1-20 
110 1445 915 5529 
20 296 15/5 4728 
30 431% 21/5 3927 
40 586 275 302 
511 1216 32 5 2025 
61 2616 37]5 10124 
1 41 5 415 023 
5 1 55 6 45]4 5022 
23 6 484 39 21 
10 z 235 514 2820 
112 376 544 1719 
1212 50 6 56 + 5 18 
1313 316 573 53117 
1443 156 573 4116 
19513 29 $7]3 29] 15 
163 416 57]3 1614 
13 535 $713 3113 
18 4 516 562 5012 
144 — 1 
204 286 51/2 239 
nee 
224 506 45/1 55 
„„ 
2445 106 371 26 6 
255 206 321 1245 
2665 306 270 58] 4 
275 396 2110 43] 3 
24 6-47-10 1$1j0--29 | 2 
2915 5516 9]o 14] 1 
306 26 2jo of o 
II ja: 
n1'F{10"41 9-3 


Signs and Degrees. 


from the Long. of the Movn; and the like of the reſt. 


Note, That ) -N denotes the Long. or Place of the Node ſubtracted 
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| TABLE I. Of the Moon's Latitude f TAB, II. Correction of the Latit. 

Enter with Argument of Latitude. 
Argum. the Lon. of the ) — the Node. 


Argument. 
dD—OXxk2, — Arg. 1* Lat. 
oN. | 1*N. 
6 8. ot 
E 
3 
oO 94 33 
© 39.1]. 4. 45 
oO 28 4 49 
oO 37| 4 50 
o 46| 5 4 
56+ 38 
4 75 i. *Y 
3 
E 2 
1 $4 
1 41 5 48 
1 
159 6 2 
a: 18 
3 
. 
i 7 S230 
3-44 16-36 
. 
J 
8: 17-6: 28 
3 186 57 
. 
3354 7-3 
3 4] 7 14 
3 12 7 :39 
. 
41-7 98 
. 
i 
11 8. 10˙8 
5 N 4 N 
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CO CO 0000 00 00 00 
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The Uſe of the foregoing Table. 


To find the greateſt Latitude the Moon will have between the 28th and 29th 
(at Noon) January 1763. 


1 
At the Foot of the Table of the Sun's Longitude, in p. 44, 7 
I find the Long. of the Node the 28th of Jan. at 6P, N. r 27 18 
. 


8 


Long. of the Moon at her greateſt Lat. 3 27 18 
Long. of ditto the 28th at Noon, per p. 45,=3 24 36 


Hence the Moon has to make in Long. o 2 42 


Now if 5* 26! 38/ require 126, what will 20 42/, viz. 4 36/, the Time P. M. 
when the Moon will have her greateſt Latitude? 
To find the greateſt Latitude. 7 
1 it 


Moon's Long. 3* from the Node (or Arg. of Lat.) gives 5 9 8 N. Lat. 
„ 


Þ's true Long. then = 3 27 18 Arg. of 2d Lat. gives o 8 88. Lat, 
O's ditto, per p. 44,=10_8 37 — 
dD—©O=5$5 1841] Rem. the greateſt Lat. 5 1 oN. 


2X)— © =11 7 22 
—Arg. iſt Lat. 3 © © 
Arg. of 2d. Lat. =B 75 22 


Now let it be required to find the true Lat. of the Moon at 10 4o/ P. M. 
3 i 
Per Tab. p. 45, I find the Long. of the Moon the 28th=3 24 36 32 
s ® / | Increaſe of Long. in 10 4o/+ 6 36 49 


Ds Long. 4 1134 Long. of the Moon 4 1 13 21 
©'s ditto — 10 8 . Ditto of the Node © 27 17 30 
D—O=5 22 21 = 7.5.9 


2X} —Q=11 14 42 »d—Q 3 3* 56/ gives Lat. 5* 8/ 28/1 N. 
Arg. 1ſt Lat. 3 3 56 Arg. of zd Lat. 8 10 46 gives ditto — 8 20 8. 


— 


Arg. of 2d Lat. = 8 10 46 )'s true Lat. at 100 40/ P. M.=5 o 8 N. 


Note, That the Increaſe of Lat. in 4> 36/ is = 15// 
and the Decreaſe of ditto in 60 * is = 52 which ſel-evidently 
Thews the Truth of the Operation, The 


. 
The Uſe of the Table in Page 49. 


| Required to reduce 15 52/ 25// into Degrees and Minutes of the Equator, 


0 
Thus, under the Hours of Time, and againſt 15* is 225 
and for 52/ is 13 


/ 
O 
0 #// 
for 25// is 1 
6 


Hence 15¹ 52/ 25// gives 238 15 as required, 


2 / 
Required to reduce 117 49,7 into Time. 
Thus, 7 =>-20c 


Remains. 12 49.7 | 4 


ob 51/ =:12 45 
i 


Rem. © 4.7 = 4 42 
= 4 45 


68 8 19% 


Hence 7 51 19 the Time required. 


Remark 1. That from the 23d of Dec. to the 15th of April, and from the 15th of 
June to the 31ſt of Auguſt, mean Time is faſter than apparent Time; hence, 
add the Equation of Time to the Time obtained by the Altitude of the Sun, 
and the Sum will be mean Time. 


Remark 2. From the 15th of April to the 15th of June, and from the 3 iſt of Au- 
guft to the 23d of December, mean Time is flower than apparent Time; 
therefore ſubtract the Equation of Time from the ſolar or apparent Time, and 
the Remainder will be the mean Time ; which Time muſt be taken in mak- 
ing uſe of the Longitude, &c, of the Sun and Moon in February, in the Table 
foregoing, becauſe the calculated Places are to mean Time; then apply the 
aſſumed Difference of Longit. and work in all Reſpects as before directed. 


© ATABLE 


A TABLE of the Time that the Moon paſſes the Meridian of London, for the Years 
1703 2 and 1754; with her Declination at the Noon of that Day (before ſhe arives at 
the Meridian) for ſuch Days whereon the Moon's Meridian Altitude may be taken, in 
order to obtain the Latitude of the Ship or Place. 


1703] Jon | D on 
Days. | Merid. | »'s Decl.] Days. | Merid. | y's Decl. 
Jan. h / Q / Ins © | 
| 24 1 33 1-22  $2NH 23 6 | 28 
25 6 20 125 C1 24 5 6125 
26 9 29127 41 25 9 3. 
27 110 31127 54 286 | to 17 
nnn ner 10 5310 
2912 3422 39 28 11 45 3 
3 13 h 
$i] 14 25132 26 to 13 32 120 
Fed. 1s: 12 |. 4. 36 31 | 14 24 | 16 
2 | 16 i 2. 13S HApe.T} If -22 | 21 
r 16 20] ©g 
4 187. 42 | 14 52 1 a 
5 | 166 3120 2 4 | 18 12} 2 
0 110 ac 144 2 1 40 6129 
7 2 2 6 19 5625 
r . 


17 3 10 6 35 17 3 12 6 
18 3 3912 fl 18 | 4 828 
Ig | 4 34]17 4 19 | 628 
20 © IT ERT- 10 20 6 4 4-36 
21 6 14125 16 21 q 1 
22 7 x0 1-27 $0 22 7 56 | 1 
23 12 | 28 13 23 48 | 13 
24 | 9 1327 15 24 | 9 39] 6 
4 110 -16 } 24-31 3c 110 6-9 
26 | 11 12]20 6 20: n 9 | 
27 113-716 [24 27 | 12 16 | 13 
30 28 [13 1119 
Mar. 113 c& 1 ©. 30 29 | 14 9 23 
2 [146-40] © 328 30 | 15 26 
31 4 [May 1 16 728 
4 15 3118 44 217 3427 
s [179 2623 15 317 5526 
iin 4118 42 | 22 
1 10 16}28 3 9 | 19 2618 
8 20 11|28 10 6: 120 6414 
—18 | 2 36 |i5 56N{|__7 |22 46| 9 
I9 3 24| 20 23 07, 4-6 2 7'87 
20 | 4, 12 | 24 33 18 | 4 5924 


1793 d on | D cn 

Days. | Merid, | »'s Decl. Days. | Merid. | 's Decl. 
5 4 1 /:.1-0 / "Y #3 £70 EL 
I9 7\ 29 20 $8 15 7 14|28 418 
20 8 2524 18 16 Ss 7.37:.14 
21 9 20 | 2 3 1 99 0124 47 
22 10 1/8 15 I 9 5020 55 
nnn -49 19 10 3416 21 
24 12 1 20 . 
25 12 55.22 41 21 r $41 5.43 
26 13 3918 28 2 12 33 8 
27 14 2513 34 % i n e 
e 24. 1143 $41 18-4 
29 | 15 44 2 40 25-1 36:49 140-7 
30 |16 23 3 2NI 26 | 15. 2420 42 
137 231-9 00 3-699 130 141] 14-28 

Aug.1|17 45|13 44 2 en 


Dr 
F 12 3 13 
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A Projection on the Plane of the Solſtitial Colure. 


Let the Point denoted by a repreſent the projected Place of Aldebaran, whoſe 
LOGS VI, and Latitude a6, are given, to find ad the Declination, and Y 4 


the Right Aſcenſion, 
IN 
1 


FX 


Note 1. By the Projection of the Points abcdpg) &, &c. it is evident, that 
when the Longitude of the Moon or a Star is 3 Sines or 9 Sines, that the Moon 


or Star is then in the Solſtitial Colure, and then the Latitude (of the ) or &) 
added to the Obliquity ; Fo : or ſubtrated therefrom, gives the Declination; 
becauſe in this Poſition the Circle of Long. coincides with the Meridian. 


Note 2. 


L 59 J 


Note 2. When the Longitude of the Moon or a Star is leſs than 3 Sines, then 
3 Si. — the Long. gives the contained Angle at E or F, the Poles of the Ecliptic. 
If the Longitude be greater than 3 Sines and leſs than 6 Sines, then the Long. 
— 3 Si. gives the contained Angle, 

If the Longitude be greater than 6 Sines and leſs than 9g Sines, then 9 Si. — the 
Long. gives the contained Angle. If the Longitude be greater than 9 Sines and 


leſs than 12 Sines, then the Long. — 9 Si. gives the contained Angle between the 
two given Sides. 


Note 3. The Side whereon the Perpendicular falls within the primitive Circle, 
from S or P (the Poles of the Equinottial) will always be equal to 90 + or — 
the Latitude of the Moon or Star; but if the Perpendicular falls without the 
Prim. then the Arc without (as Eg or Fr) is the 4th Proportional (and equal to 
E 4 s) which being added to the the Co-Lat. (or its Supplement) gives the 
5 * 


. N. and the Long. leſs, | : 
Note 4. If the Latitude be} S. and the Long. greater, c than 6 Sines, the Per- 


pendicular falls within the Prim. and then the 1 — 4th Arc gives the 5th 
: : S. and the Long, lefs, . 5 
Arc. But if the Latitude be N. and the Long. greater, than 6 Sines, the Per 


1— falls without the Prim. and then the Co-Lat. + 4th Arc gives the 5th 
c. 


In the Spherical Triangle a PE a are given 
OL ET | 


The Angle PEA = 23 31 21 the Longitude to (S) Cancer, 
The Side PE = 23 28 21 the Obliquity of the Ecliptic, 
And the Side a E = 95 29 © the Lit. of the Star (Aldebaran) +90?, 
To find a P, the Co-Decl. and a PE = the Right Aſcen. + 90%, 
Hence the Angle a PE — 90 g= the Right Aſcen. 


1. In the Triangle PE p, the Co-fine E+R=Co-tang. EPA Tang. E. 
Hence, R: Tang. E P:: Co-fine E: Tang. Ep=219 42/ 37/ the 4th Arc, 
and aE Ey | 2 73 46 23 the 5th Arc. 
2. As the Co-fine 4th Arc, Co-ar. : Co- ſine 5th : : Co-fine PE (the n 
: the Co- ſine aP=73* 59/ /, or to the Sine of ad=16® of 53// the Decl. 


Now we have given the Three Sides of the Triangle aPE a, to find the Angle 
aPE, which may be found by the general Method, thus: 

From Half the Sum of the Three Sides take (ſeparately) each of the Sides, 
containing the Angle required ; then to the Sines Co-ar. of the containing Sides 
add the Sines of the Two Differences, and Half the Sum of the Logar. Sis * the 
Sine of Half the Angle required: Whence the Right Aſcenſion=} 5 ” 100 


Wherefore, 


5 C & ] 


Wherefore, by having given the Long. and Lat. of the Moon or a Star, the Decl, 
or Right Aſcen. may be readily found. But obſerve, when the Lat. of a Star, &c. 
is ſuch, that it cannot be known from the Projection whether the Decl. be N. or 
South or (o); that is, ſuppoſing a Star poſited at 4, or ſome little North or South 
thereof, as in the Triangle ar Sa, having given aF, FS, and the Supplement of 
the contained Angle aF S, to find 48. 


1. In the Triangle F Sr (right-angled at ) are given FS and the Angle SFr 
== Angle aF S, it being vertical, and therefore equal, to find the Leg Fr, the 
4th Arc, 1 ED 
: Say, as R: Tang. FS:: Coſine F: Tang. Fr=21* 42/ 37”. 

2. As Co-fine F-: Co-fine FS:: Co-fine ar : Co-fine aS. But obſerve, that 
if ar be lefs, equal to, or gener than 90%, fo will 48 be lefs, equal to, or 
greater than go“ alſo, becauſe of the Legs ar and S being of the ſame, or of 
different Affection; that is, both leſs (equal to) or one greater and the other lefs 
than 90? or a Quadrant. | 


/ 
| Now to Fr = 21 42 37 
d-g90%—Lat. =Fa= 84 31 © '| Wherefore the Supple. a 8 will be 
- found 973? 59/ 7“ and therefore 
5th Arc ar =106 13 37 aS=106 o 53 © and 
Its Suppl. = 73 46 23 = aP. | 48-9 16 o 53 the OO as 
— — ore. 


The Method of finding the Declination and Parallax of the Moon has been 
ſhewn in the Uſes of the Tables foregoing; I am now going to ſhew the Method 
of obtaining the Latitude of a Ship at Sea by obſerving the Meridian Altitude of 
2 Moon. The following Obſervation was made on board the Prince Henry In- 

man, | 

3 


1761, 
At 8 P. M. Mar, 15, I obſerved the Mer. Alt. ps lower Edge==33 15 


DE ke Dip 5 $294 the Dif, © 11 


| 33 
Hor, Paral. 59/, Paral. of Alt. add 49 
| True Alt, obſerved 34 16 
Z. Diſt, 55 44N 
Declin. 25 28N 


Lat. in 30 16 8 


Lat. in by Account ſince Noon 30 15 


Of 


E 
Of the Obliquity of the Ecliptic. 


Long. Node. | Obliq. of the Ecl. | Equ. of the Equinox. 
8 * oO / 71 17 
89 © e 00 
SS SS 48-20%: o,o 
. J F —18,1 Tthe greateſt Equa. which being 
1 | 23 29 30,0 ? +18,1 2 gives the true Obliq. 


I have been a little prolix about explaining the general Method to be uſed for | 


obtaining the Requiſites of this uſeful Problem, not having ſeen (in any Author I} 
have read) a Scheme or Projection that might ſerve as à general one for all Cir- 
cumſtances of the Situation of the Moon, Stars, &c. which this Figure does, 8 
E, 


ther with the Notes, &c. whereby the Solution to all Caſes relating to Longitu 
Latitude, Declination, and Right Aſcen. may be obtained without Ambiguity. 


Six Neceſſary Remarks relating to the Declination of the Moon. 


To find the Longitude in the Mocn's Orb of the greateſt Declination, through a 
| l Revolution of the Nodes. : | 


I. The Longitude of the North Node (S) being ; 12 Sines I then the Long. 


| or o 
in the Moon's Orb of z Si. and 9 Si. are the Places of greateſt Decl. North and 
South, and are equal to the Obliquity of the Ecliptic + the Moon's Lat. 


II. The Node moving retrograde from pen to 9 Sines, in which Time 

the Places of the greateſt Declination (in the Moon's Orb) will move 
direct from 9 Sines to 9 Si, 11? 41/ o04// | 

d from 3 Si. to 2 Si. 18 18 56 ä 

(the Obliquity of the Ecliptic being 232 28/ 20%, and the Inclination of the 


Moon's Orb tothe Ecliptic = 5? 9 8//); and when the Place of the Node be- 


comes 9 Sines, the Decl. will be = 23 59/ 40%. 


III. The Node moving from 9 Sines to 6 Sines, in which Time the Places of 
the greateſt Declination will move from 2 Si. 18 Degr. &c. direct to 3 Si. and 
retrograde from 9 Si. 11? 41/ 4// to 9 Si, And when the Longitude of the Node 
becomes 6 Si. the Places of greateſt Decl. are 9g Si. and 3 Si. and then the greateſt 
Decl. will be = the Obliquity — the Lat. = 13® 19/ 12//; the Obliquity and In- 
clination being as before. | 


IV. The Node moving from 6 Sines to 3 Sines, in which Time the Places of 
greateſt Declination will move retrograde from 9 Si. to $ Si. 18 18/ 56//, and di- 
rect from 3 Si. to 3 Si. 11? 41/ 4//, and the Decl. in thoſe Places will be as in 
Remark II. foregoing, 

| Q v. 
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V. The Node moving from 3 Sines to o Sines, in which Time the Places of 
greateſt Decl. will move from 8 Si. 180 18/ 56// to 9 Si. and from 3 Si. 11 41 4% 
to 3 Si. and then the Places of greateſt Decl. are as in Remark I. 


Lon. of the . VI. 
8. 8. 8. 
o then the Lon. in the Orb 3 is the PL of greateſt Lat. N. and 9g of Lat. 8. 
3 ditto 6 ditto N. and © of ditto. 
6 ditto 9 ditto N. and 3 of ditto. 
il 9 ditto o ditto N. and 6 of ditto. 


The Lon. of the Nade -being 3 Si. or 9 Si. (as in Remarks IT. and IV ) let it be 


required to find the Places in the Orb that will have the greateſt Decl. and alſo 


the Decl. at that Time. | 


| Say, as R: Co-tang. of the Obliqu. 230 28/ 20// 10, 3622742 
4x : : Sine of the Inclination 5 9 8 = 8,0532865 
||| Tang. of the Diſt. from S or W— a1 41 34 = 9,3155607 

| . 

| 

' 


& © * 77 . 
Now per Note 2. p. 58. Lon. of the Orb 8 18 18 56 Lat. 1-236 
q Ditto of the & 9 © O © Co-Lat. 88 57 34 


3 -K =11 18 18 56 


i OS , - 


Fos the Decl. R: Tang. of the Obliqu. 23 28 20 = 9,6377258 
: Cc-line of the Diſt. from | - 11 41 4 = 9,990g0;0 


Tang. of the 4th Arc 23 2 14= 9,6286308 
Co-Lat. 88 57 34 — 


mains 5th Arc = 65 55 20 


As Co-tine Co-ar. 4th = 0,0360930 
: Co-ſfine 5th — 9,6106350 
:: Co-ſine of Obliqu, — 9,9624893 


| | Sine Decl. 23* 59/ 40 = 9,6092173 as required. 


Note, In like Manner the Ecliptic, Longitude of the Moon, the Time of her 


greateſt Declination, and her Dectination at that Time (in any Poſition of 
of the Node) may be found. | 


To 


T9] 
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To find the Difference of Longitude of Places. 


The Latitude of Union Caſtle in the Iiland of St. Helena is 15 56/S. and Long. 

2 49 W. from London, or 5 54 from Greenwich, as obtained by the following 

bſervations; which Method of finding the Difference of Meridians (or Longitude 

of Places) I think, is greatly ſuperior, and ought to be preferred, to thoſe of the 
Satellites. | 5 


. 


June 22, At St. Helena the Y's Sidercal Tranſit, 2d Limb 22 31 47,2 

om At Greenwich ditto 2d ditto 22 31 2,2 
Des Alt. at St. Helena 899 J | 2 — 

Ditto at Greenwich 234 Diff. 45,0 


Note, that 654 Diff. of Alt. gives 13 “/, the Augmentation 
of the Semi-diameter of the Moon at St. Helena more than at Greenwich, occa- 
ſioned by the nearer Approach of the Moon to the Zenith of that Place; which 
13 / of apparent Increaſe =. 1// of Time nearly, that the Half Diameter of the 
Moon was in paſſing the Meridian at St. Helena more than at Greenwich, which 
is allowed for in the Time of the Tranſit above, 


/ 
The hourly Mo. of the Y =31,0= 1860 
Ditto O= 24= 144 ” 7 

— Diff. of Ri. Aſc. in Time 45, == 675, o Mo. 


Moon from the Sun per Hour =1716 | 
| 
Now, as 1916//, the hourly Motion of the ) —© in Right Aſcenſion is to 159 
of "Longitude, ſo is 675// of Right Aſcenſion to 5* 54/ W. the Longitude from 
Greenwich to St. Helena. — : 


Note, The different Denſities of the Air, and thin Vapours therein, make no 


Difference in the Tranſit Obſervations, but affect the Satellite Obſervations 
reatly. | | ADs. 
8 T *4 Variation of the Needle at St. Helena 11* 36/ W. being the Mean of Six 
Obſervations with the Compaſs belonging to the Royal Society applied to the Me- 
ridian Line. | 
The Dip of the South Point of the Needle below the Horizon 79 45 
being the Mean of 12 Obſerv. The Dip at Lendon, N. Point 73 25 


Hence the Dip of the South Point from London to St. Helena=8 1 10 


—ů ——— 


The Variation of the Needle, in March 1762, at London gig 45 W. 
| | | The 
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The greateſt Heat I obſerved at St. Helena, by a F 


arenheits Thermometer, on 


my Voyage from thence, and in London, at the Times as follows; 20 
| gt; — At the Academy in 
At St. Helena. At Sca. Lat. of the Ship.|] Miles's Lane. 
| | | 7 1762, 18 
I Frogger tt q July 11, 74 
April 22, 76 July 8, 75 81 8. „„ 
23 to 26, 74 to 75 9 ? ©3079 -8 
to May 1, 73 10 to 29, 76 12 N. | 1 
„5 Is 30 and 31, 761 13 15 and 16, 74 
Sg, Aug.1to3, 76 14 17, 19. 9, 75 
9, 76 3 to 22, 755 36 20, 74 
10, 74 23 to 29, 75 l 374 N. 21 and 22,.. 78 
23; 5 
| 24 and 25, 74 _ 


The greateft Heat in London, in the Year 1762, was the 13th of July, which 
exceeded thoſe it St. Helena and on the Voyage; although we were becalmed: 
a conſiderable Time, when the Sun paſſed near our Zenith, 


The greateſt Height of the Quickſilver in the Baro- Þ __ | 
meter at St. Helena, as obſerved in the Valley J 3,14 Inches, 
The leaft Height obſerved = 29,99 


The greateſt Variation obſerved o,15 


The greateſt ditto upon the Hill = o,og5 where we had 
| an Obſervatory, 

The mean Height of the Barometer in the Valley = 30,096 Inches; which re- 
duced to that of a Level with the Surface cf the Sea is = 30,1 = 28,25 Inches Fr. 
== 28 Inches 3 Lines, the Thermometer being from 58 to 61. 


1761, Barom. 
lune 14, In the Valley 30,05 Inches. 
At the Obſervatory 28, 01 ; 


The Fall in the Tube 2,04 
Add the Riſe in the Baſon 0,013 


The true Fall 2,053 


'The Surface of the Quickſilver in the Tube being to that in the Baſon nearly E 
1 to 160; and, by the Fifteenth of the Twelfth of Euclid, equal Cylinders have 


the Areas of their Baſes and Altitudes reciprocally proportional, Hence the Riſe 
| in 


„ 

in the Baſon to the Tull in the Tube is in direct Ratio to the Surface: there- 
fore, as 1: 160 :: 2,04 Inches: o, 01275 of an Inch; which being added to the 
viſible Fall in the Tube gives the true Fall; that is, what it would viſibly have 
fallen, provided the Quickfilver in the Baſon had been ſo contrived, as to have 
kept at the ſame Height. | 

a In like Mamer was obtained the true? 
Fall upon the Top of Diana's Peak a 2,7976 Inches. 
High Peak = 2,687 
| ; 

Now by Monf. Bouguer's Account of the Fall of the Barometer we ſhall have, 
by 1 97 » Inches Englith by 11, 263, the Lines in an Inch, the Product 
will be Lines French, which being divided by 12, gives Inches and Lines. For 
21,263 Lines = 12 Inches; and 1 Toiſe = 1,065 41 Fathoms. 


Lines. Ia. Li. Toiſes. Vards Eng. 
Now 2,053 * 14,263 23, 2 =1 11 Fall gives 275,0 = 588, 1 
2,587 x 11,263 == 30, 264 —2 62 381,5 813, 0 
2,700 x 11,203 = 3,0 22 71 400, 3 = 853, o 


A Table of Meaſures of Length, French and Engliſh, that are 
equal one to another, 


French. Engliſh. 


French. Engliſh. Inches. Inches. 
Lines. Inches. | 1 = 1,065410 + 
1 = ,088785 — e = 2,#30038 
. Z ;. 
3 = 266354 1 3030 
4 35514 5 = $,327983 
5 = +4439 6 = ©6,3925.. 
$ a5 a7 . a —IÞ * *,, TOP! 
55 4 325,7. 
8 „108 £0 '= $7, 700058 
9 = 479906 . 
10 —= „88785 28 = 29,3316 
| Ls. == HTG0q | 29 = 30, 897083 
1 Inch = 12 = 1,065417 3 
D 


R Aſtronomy 
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Aſtronomy is the Science which treats of the Motions, Magnitudes, 
Diſtances, Longitudes, Latitudes, Declinations, and Right Aſcen- 
ſions of the Heavenly Bodies, and of Appearances thence ariſing, 


8 - 
— et. ie 4 — 
= 


— —— — 2 — 
————— Ä— 


— — 


— — —— 
beam wing 


— — - - —ͤ— — — 


Of che Meaſure of Time. 


XETICLE . 


The Earth's Rotation about its Axis being uniform, makes the apparent Diurnal 
Revolution of the Stars about the Earth to be performed in equal Times; but the Sun 
being much brighter than the Stars is the Reaſon of its being choſen for the Mea- 
fure of Time by its Diurnal Revolution ; therefore an Aſtronomical Day is the 
Interval of Time elapſed between the Inſtant when the Center of the Sun is upon 
the Meridian and its 7 thereto the next Day. . 
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. The apparent Motion of the Sun being unequal, therefore equal Time, which 
i} goes on always at the ſame Rate, cannot truly be meaſured by the Sun's Mo- 
} tion: Hence the Time which is obtained by the Sun, is called true or apparent 
(| Time; and the Time which flows uniformly, is called mean Time; according to 
| which Time all the Celeſtial Motions are eſtimated and ſettled ; and by which 
Time all Computations are made from Aſtronomical Tables: Wherefore Aſtrono- 
mers found it neceſſary, inſtead of thoſe apparent Solar Days, to ſubſtitute in their 
Place others that are equal, and a Mean between the longeſt and ſhoiteit, 
which is called the mean Solar Day; and from hence ariſes mean (Solar) Time. 


— 
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A Sidereal Day is that wherein, by a Rotation of the Earth on its Axis, any 
horary Circle returns to the ſame fixed Star; being equal to 230 56/ 4, / og of 
mean Solar Time. 

A Clock ſo regulated and adjuſted to the Right Aſcenſion of any Star, will 
ſnhew the Right Aſcenſion of all the Stars; and thoſe Stars will always tranſit tlæ 
Meridian at the fame Time (exactly) excepting ſuch minute Difference of Time 
as may be occaſioned by the Aberration of Light and the Nutation of the 
Earth's Axis: Therefore 240 Sidcreal are 360 of the Equator or Longitude. 


ARTICLE 
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REMARK I. 


13 HE hourly Motion to be uſed in order to find the mean Increaſe of the 

Moon's Longitude (from Noon or Midnight) to the Time of an Oblerva— 
tion, in reſpect of the Meridian of London; and to which the variable Quantity 
of the Moon's Motion muſt be applied, as obtained per Tab. p. zo to 33; which 


hourly Motions in the fixth Column, p. 45, are adapted to the Middle of the 
Times ſpecined in the firſt and laſt Columns. 


REMARK II. 


The hourly Motions in the fixth Column, p. 46 and 47, are adapted to their 
correſponding Times of Noon and Midnight in the firſt Column, and may be 
uſed when the Time of an Obſervation (reduced to the Meridian of London) does 
not differ more than an Hour from Noon or Midnight; but otherwiſe make uſe of 
the Difference in the third Column neareſt to the given Time. | 


REMARK III. 


As to the Form of the Tables in p. 45, 46, and 47, the Intention being to 
ſhew a ready and accurate Method of obtaining the true Longitudes of the Sun and 
Moon, and other Requiſites, from the Paris Ephemeris, it being the only one pub- 


liſhed proper for "thoſe Purpoſes: but as ſome of the Numbers in ſaid Ephemeris 


are not correct, therefore I adviſe thoſe Gentlemen who make uſe of it to take 
Notice, when the firſt Diff. of the Moon's Longitude do not increaſe or decreaſe 
in a regular Manner (as delivered in the third Col. p. 45 and 47) to take the 
Mid-day Diff. of Longitudes three Days before and three Days after the given 
Time of the Obſervation, and work as directed in p. 34, 35, and 36; and you 
will have the true Longitudes at Midnight, provided the Mid-day Longitudes 
were true. But if the Mid-day Diff. of Longitudes do not increaſe or decreaſe 
by an uniform and regular Acceleration or Retardation, then correct thoſe wherein 
you perceive the Error to lie by what you find would make them ſo, and then 
obtain the Midnight Longitudes, and in courſe the other Requiſites required. 


In a larger Work, which I intend to publiſh this Summer, I propoſe placing 


the Columns containing the Requiſites for Longitude Obſervations in the following 
Manner, being more commodious and better for Practice. 


Q 2 A Table 


A Table of the Moon's Longitude at mean Noon and Midnight, &c. &c. 
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Let it be required to find the Dif. of 
Long. of the Sun and Moon the 21ſt 
of February at 20 Min, paſt Seven at 
Night (mean Time, in reſpect of the 
Meridian of London) and the other 
Requiſites. 


1763, 

21 Feb. F 
Ds Long. at Noon . 
Hourly Mo. at 6 P. M. 32 28,4 
X 74 
Mean Incr. of Long. 3 57 48,8 
Mean 2d Ditt, 6˙ for 7} — 46,0 

True Increaſe hw 3 57 03, 

D's true Long. 1 38 


O's ditto . 
Difference of Long. = 98 7 11 


Latitude 3 
For 761 + 
)'s true Lat. 3 
Hor. Parall. 
Hor. Diam. 

O's ditto 


+ Diameters = 
Equa. of Ti. add to O's Ti. F 
as in Remark 1. p. 53. 5 
Des Hourly Mo. 
O's ditto 
»)—©Q per H. 


L Os 7 


In like Manner as in p. 19 and 21, I find the true hourly Motion, thus; 


U * " 
By mean 2d Diff. of Long. 64 for 7247,35 | 3 
for 8=43,35 38 2. 
Ds true Long. at 6=2 10 22 37 
Difference 1= 4,0 | Ditto 7=2 10 55 7 
which add becauſe ) is increaſing. - ! Ditto 6==3 11 27 39- 
Hence to 32 28,4 | Ho. Mo, from 6 to = 32 30 
Add 4,0 | Ditto 7.to = 32 32 
Ds Hourly Motion at 74232 32,4 | 


| REMARK IV. 

If the Moon be W. of the Sun, or Star, then ſubtra& the Long. of the Moon 
from the Long. of the Sun or Star, M the Remainder will be the Difference of | 
their Ldngitudes. | 

But if the Moon be E. of the Sun or Star, ſubtract the Long. of the Sun or Star. | 
from that of the Mocn, and the Diff. of their Longitudes will remain. g 


A New Method to find the Lata. = Zea with as much Certainty 


as by a Meridian Obſervation ;: 
Provided Three Altitudes of the Sun can be taken at equal Intervals of Time, 
| under the Circumſtances noted in the following Table. 


* The neren Since the Meridian Alt. may al- 

Mer. | Intervals of Time, | Obſer, to or Ways be known within the Limits of 

Alt not leſs | not greater | from Noon = 4 N ng — 2 _ 

ham > . the allo Know the proper Intervals o 
. ; - oy eee Time to be * between the Ob- | 
o / * 3 ſervations, as noted in the 2d and f 
65 6 10 15 3d Columns. Likewiſe you may ge- | 
60 3 12 18 | nerally know, whether your neareſt | 
55 to 1 15 24 Obſervation to the Meridian happens j 
50 12 20 30 [within the Limits of the 4th Col. | 
45 14 24 36 which Particulars correſponding then ö 
40 16 28 a obſerve, 
44 - 2 8 Note, If the Ship does not alter |! 
25 5 2 3 her Courſe or Rate of ſailing conſi- | 
* 25 * 7 derably during the Time of the Obſ. ö 
| go make no Allowance for her Motion. | 


19 
To find the Meridian Zenith Diſtance. 


GENERAL RULE. 


ut. Take the Z. Diſt. of the middle Obſervation from the greateſt Z. Diſt, 

2d. Take the other Z. Diſt. from the greateſt Z. Diſt. which call the 2d Diff. 

zd. From 4 Times the iſt Diff. take the 2d Diff. alſo from the Remainder take 
the 2d Diff. which call the iſt and 2d Remainders; then, 


Ath. Multiply the 1it Remainder by itfelf, and divide the Product by 4 Times the 
2d Remainder, the Quotient will be the Number of Minutes to be ſubtracted 
ftom the greateſt Z. Diſt, obſerved; which gives the Meridian Z. Diſtance. 


Art. 1. If the Quotient of the Diviſion ſhould happen to be equal to the 2d Diff. 
it would be a ſure Sign that the leaſt Z. Diſt. was taken at or near Noon, 
and therefore the true Z. Diſt. 


Art, 2. If two of the Z. Diſt. ſhould happen to be equal, then the Inſtant of Noon 
was the middle Time between them; and when this happens the General 
Rule is reduced to the following 


Art. 3. From one of thoſe equal Z. Diſtances take 4 Part of its Difference from the 
other Z. Diſt. and you will have the true Z. Diſt. at Noon. 


EXAMPLE I. 


1761, per Watch, a O's tr. 2 D., 


Sept. 16, at 11 o==48 33 56 X 42224 


11 208=47 37 
a e O70. 
Subtract from 48* 33(“ | 1ſt Rem. 132X132 17424 
—1 49 —92 log' 1 49 
 Merid. Z. Diſt. =45 448 | 2d Rem. 4ox4 = 160 
Decl. 2 29N | — — — — 
——  — | EXAM. IL The obſerved Z. Diſt. 46“ 32/ 
Lat. in 49 13N | Per Art. 3. Ditto 45 04 
| | Ditto 45 94 
Per Solar Tables Lat. 49 17N Dit ="1 28 
1 e 11 
Lat. by Meridian Alt. 49 14N * — 
— Meridian Z, Diſt, = 44 53 


— 


To 


7 
ARTIC LE III. 


To reduce the Time of a Clock in any apparent Solar Rotation to mean Solar 
Time: Say, as the Seconds of Time in the Rotation by the Clock is to the Se- 
conds of mean Solar Time in the apparent Solar Time, or to 360, fo is any 
Number of Seconds by the Clock to the. Seconds of mean Sclar Time, or to the 
Difference of Right Aſcenſion in Degrecs, 


ARTICLE: WV. 


To reduce Sidereal Time to mean Solar Time: Say, as 24® is to 236 59! 4, /o 
fo is any Numbes of Sidereal Seconds to mean Solar Seconds. 

Alſo, as 24* : 23* 56/4, og : : 360: 360® 59/-8,//3 = the mean Solar Rotat. 

Hence the mean Solar Day of 24* is = 59/ 8,//3 of Right Aſcenſion. 

And the Difference between a mean Solar and Sidereal Day is = 3/ 55,//91 of 
mean Solar Time, and 3/ 56,//556 of Sidereal Time, being the Acceleration of 


the Stars in a mean Solar Day. 


ARTICLE V. 


To reduce Sidereal Time to true Solar Time: Say, as 240 is to 23* 56/ 4,//709 
Tor — the daily Difference of the Equation of Time, ſo is any Number of Sidereal 
Seconds to the Seconds of true Solar or Apparent Time. Alſo, 

As 239 56/ 4,//09 (= 86164,//09) : 3699 : :. 10 (=3600/)) : 15* 2/ 27/9 = 
152,041 Rotation in an Hour of mean Time. 

And note in general, that the Return of Sun or Star to the Meridian conſtitutes 
a Day of 24 Hours, anſwering each to 360® reſpectively, called Solar or Sidereal 
Days, Hours, &c. and reducible to each other as above : hence, 15 Degrees are 

val to one Hour in each. | | ; 

Note, That the true Day, when the Sun is in Apogee, is 12// longer, and when 

in Perigee is 12// ſhorter, than the mean Solar Day. | 


To find the Variation by the Moon. 


Make the Obſervations in all Reſpects as with the Sun; then reduce the Appt. 
Alt. to the True Alt. as before directed, p. 40, and find the True Decl. of the 
Moon to the Time at the Ship reduced to the Time at London, then compute as 
in the Sun's Obfervations, and the Refult will be the Variation. 
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To find the Meridian Zenith Diſtance. 


GENERAL RULE. 


ut. Take the Z. Diſt. of the middle Obſervation from the greateſt Z. Diſt, 
2d. Take the other Z. Diſt. from the greateſt Z. Diſt. which call the 2d Diff. 


3d. From 4 Times the iſt Diff. take the 2d Diff. alſo from the Remainder take 
the 2d Ditt. which call the iſt and 2d Remainders; then, 


4th, Multiply the 1it Remainder by itfelf, and divide the Product by 4 Times the 
2d Remainder, the Quotient will be the Number of Minutes to be ſubtracted 
from the greateſt Z. Diſt. obſerved; which gives the Meridian Z. Diſtance. 


Art. 1. If the Fa ag of the Diviſion ſhould happen to be equal to the 2d Diff. 
it would be a ſure Sign that the leaſt Z. Diſt. was taken at or near Noon, 
and therefore the true Z. Diſt. | 


Art. 2. If two of the Z. Diſt. ſhould happen to be equal, then the Inſtant of Noon 


was the middle Time between them; and when this happens the General 
Rule is reduced to the following 


Art. 3. From one of thoſe equal Z. Diſtances take 4 Part of its Difference from the 
other Z. Diſt. and you will have the true Z. Diſt. at Noon. 


EXAMPLE I. 
1761, per Watch, ©'s tr. Z. D. 
/ / 


W 
Sept. 16, at 11 0=48 33 | 6X 4=224 
11 2024] 3702 
11 404 109 97 
Subtract from 48* 33“ | 1ft Rem. 132xX132=17424 
| —1 * 49 —92 =109'=1* 49 
 Merid. Z. Diſt. =45 44S | 2d Rem. 40& 4 = 160 
Decl. 2 29N | — — — 
———— | EXAM. II. The obſerved Z. Diſt. 46 32 
Lat. in 49 13N | Per Art. 3. Ditto 45 O4 
| Ditto 45 04 
| | 
Per Solar Tables Lat. 49 175N Diff. = 1 28 
2 8 . 
Lat. by Meridian Alt. 49 14N | y 


— ——_— 


To 


1 
KART. IL.C. LIE II. 


To reduce the Time of a Clock in any apparent Solar Rotation to mean Solar 
Time: Say, as the Seconds of Time in the Rotation by the Clock is to the Se- 
conds of mean Solar Time in the apparent Solar Time, or to 360“, fo is any 
Number of Seconds by the Clock to the Seconds of mean Sclar Time, or to the 
Difference of Right Aſcenſion in Degrecs, 


ARTICLE VV. 


To reduce Sidercal Time to mean Solar Time: Say, as 24 is to 230 59! 4, / 09 


fo is any Numbes of Sidereal Seconds to mean Solar Seconds. 

Alfo, as 24® : 230 56/ 4,//0g : : 360? : 360? 59/-8,//3 = the mean Solar Rotat. 

Hence the mean Solar Day of 24* is = 59/ 8,//3 of Right Aſcenſion. 

And the Difference between a mean Solar and Sidereal Day is = 3/ 55,//91 of 
mean Solar Time, and 3/ 56,//556 of Sidereal Time, being the Acceleration of 
the Stars in a mean Solar Day. 


ARTICLE V. 


To reduce Sidereal Time to true Solar Time: Say, as 24 is to 230 56/4, “/o? 
Tor - the daily Difference of the Equation of Time, ſo is any Number of Sidereal 
Seconds to the Seconds of true Solar or Apparent Time. Allo, - 

As 230 56/ 4,//0g (286164, / 09) : 360 :: 1 (=3600/)) : 15? 2/29 = 
152,041 Rotation in an Hour of mean Time. a 

And note in general, that the Return of Sun or Star to the Meridian conſtitutes 
a Day of 24 Hours, anſwering each to 360 reſpectively, called Solar or Sidereal 
Days, Hours, &c. and reducible to each other as above: hence, 15 Degrees are 
equal to one Hour in each. | | 

Note, That the true Day, when the Sun is in Apogee, is 12// longer, and when 

in Perigee is 12// ſhorter, than the mean Solar Day. 


To find the Variation by the Moon. 


Make the Obſervations in all Reſpects as with the Sun; then reduce the Appt. 
Alt. to the True Alt. as before directed, p. 40, and find the True Decl. of the 
Moon to the Time at the Ship reduced to the Time at London, then compute as 
in the Sun's Obfervations, and the Refult will be the Variation. 
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Abbreviations and Characters uſed in this Treatiſe. 


An, Va. 
Right Aſc. 
Aber. 

Long. Lon, 
Lat. Latit. 
N. T E. W. 
co. ar. 

Appt. Alt. 

s. co- . t. cot. 
Ob. Obſer. 
Diſt. Decl. 
T. or Ti. red. 


Annual Variation. 

Right Aſcenſion. 

Aberration. 

Longitude. 

Latitude. 

North, South, Eaſt, Weſt. 
Complement Arithmetical. 

Apparent Altitude. 

Sine, Co- ſine, Tangent, Co-tangent. 
Obſervation. 

Diſtance, Declination. 
Time reduced. 

Sun, Moon, Star. 

True Difference. 
Horizontal Parallax. 
Variable Quantity. 
Increaſe, Decreaſe. 
Zenith Diſtance. 
Refraction. 

Angle, Triangle, Angles. 
Signs, Degrees, Minutes, Seconds. 
Hours, Minutes, Seconds, Thirds. 
Mean Motion. 

Azimuth. 

Plus or add, Minus or ſubtract. 

Times or multiplied, by or divided. 
Equal to. ; 

Moon's Lon;--Sun's multiplied by 2. 


TT 
r, . 
9 » 


N A- 3 


Page, Line 
2, Q, 
2k, 2, 
26, T2; 
42, 18, 
$4, 25 
58, 55 


£0, 1 3s f, 5, J Mo 1% 
51, 15, 19, 20, 24; 25, 31, 


60, 235 


; 


For 
thereto 
Bor 


Appt. Center 


arives 
Sines 


after 339 16 


A. 


Read 


to it. 

For. 

Appt. Diſt. of their Centers. 
of the ſame Name. 

arrives. 


Signs. 
Refr® allowed, 


The other Errors, &c. that have occurred to my View, I have corrected with 


the Pen. 


To ſuch Gentlemen as may conceive any Difficulties in properly underſtand- 
ing what this Treatiſe contains, I will undertake to make every Part of it ex- 


tremely eaſy by Five cr Six Days Inſtruction, 


R. WADDINGTON. 


A1 HE 


Academy in Three Tun Court, Miles's Lane, 


GENTLEMEN are Boarded and Taught 


Engliſn, Writing, Latin, French, 
And every Branch of the Mathematicks. 


By the AUTHOR, and proper Ass IST ANT s. 


